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PREFACE. 



The Geological Survey Map of England and Wales having been 
completed, it has now become possible to collate the work done by 
the Survey and by other observers in the different geological 
formations of the kingdom, and to prepare the general strati- 
graphical memoirs, to which the local or sheet -memoirs hitherto 
published were intended to be introductory. These general 
memoirs are designed to present a compendium of all that is known 
regarding each of the geological formations in its distribution 
through the United Kingdom. They will thus include the con- 
densed results of the labours of the Geological Survey, with full 
reference to the maps and sheet-memoirs where local details have 
already been giveij. It will be impossible to follow the strict 
stratigraphical sequence in their publication. They will be issued 
in the order in which they can be most speedily prepared. 

The pcesent work is the first of these stratigraphical memoirs. 
It has been written by Mr. Clement Eeid, and is designed not 
only to bring together the results of the work of the Geological 
Survey among the Pliocene deposits, but to present a faithful 
summary of the present state of knowledge regarding that portion 
of the Geological Record in this country. In pursuance of this 
design full use has been made of the maps, memoirs, and un- 
published work which the Survey has accumulated during the 
progress of the mapping in the eastern counties. Among the 
members of the Survey whose labours have been of special service 
in the preparation of this volume reference may be made to 
Messrs. Whitaker, Woodward, Dalton, Blake, and E. T. Newton. 
Fuller acknowledgment of the work of these observers, and of 
others outside of the Survey, vfill be found in the text. 

While ths work was in preparation Mr. Reid, who had himself 
mapped considerable tracts of newer Pliocene deposits in Norfolk, 
made a careful examination of the disputed Lenham deposits, 
collected a considerable number of shells from them, and I think 
finally settled their relative geological age — a question of great 
importance, not only in regard to the general Pliocene succession 
in England, but also of singular interest in regard to the later 
Tertiary and post-Tertiary terrestrial movements in western 
Europe. He also studied the deposits at St. Erth, St. Agnes 
Beacon, and Dewlish. 

It appeared to me eminently desirable that, besides examining 
the English Pliocene strata, the author of this work should have 
an opportunity of comparing them with some of their best known 
and most important Continental equivalents. He was nccordingly 
sent to make a series of observations in Belgium, France, and 
Italy, and the results of these journeys are embodied in the follow- 
ing chapters. Having thus gained an enlarged experience among 
the younger Tertiary deposits of western and southern Europe, 
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Mr. Reid has been able to enter more fully into such questions as 
the physical conditions under which the Pliocene stiata were 
deposited, the climate and the natural history of the seas of 
later Tertiary time, the terrestrial movements of Pliocene date and 
their relation to the topography of the south of England and to 
the existing physical geography of north-western Europe. 

In any work treating of the Pliocene deposits of Britain a fore- 
most place of recognition must be given to the names of Ch^'rles- 
worth, who proposed the divisions now adopted ; Lyell, who 
classified the whole Tertiary series ; Prestwich, who did such 
eminent service in the Crag district and at Lenham ; S, V. Wood, 
whose "Crag Mollusca" is one of the classics of Geology; and 
Messrs. Wood, Junior, and Harmer, who made the first detailed 
map of the Pliocene deposits of the eastern counties. Of the 
labours of these and other observers large use has been made in 
the following chapters, as the references in the text will show. 

I have to express my thanks to Professor Prestwich and to the 
Council of the Geological Society for permission to use the wood- 
cuts from the " Quarterly Journal " of that Society ; also to many 
foreign geologists for the assistance they have so freely -rendered 
to Mr. Reid in his researches, especially to M. E. Van den Broeck. 
and to M. Cogels, and Baron Van Ertborn in Belgium ; to 
Professor De Stefaui, Dr. Ristori, Dr. Canavari, Professor 
Capellini, Professor Meli, Professor Sacco, and the late Professor 
Meneghini in Italy ; to M. G. Dolf uss and M. Maurice Vignier in 
France ; and to Dr. J. Lorife of Utrecht. Many of these geologists, 
besides communicating valuable information or facilitating a study 
of the specimoDs in the museums under their charge, accompanied 
My. Reid into the field and thus enabled him to obtain full and 
accurate information regarding the sections which he visited. 

ARCH. GEIKIE, 

Director-General. 
Geological Siirvey Office, 

28, Jerinyn Street, London. 
4th June 1890. 
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PLIOCENE DEPOSITS 

OF 

BRITAIN. 



CHAPTER I. 
INTRODUCTION. 



During the past sixty years the study of the deposits, once 
vaguely spoken of as " Supra-Cretaceous " or " Tertiary," has led 
to a more and more exact classification. But though a great 
advance has been made, it is still necessary to define the sense in 
which the term Pliocene is used in the following pages, for custom 
has not yet fi.xed the limits of the period which it denotes. 

It is needless for this purpose to go back further than the first 
edition of Lyell's " Principles of Geology," for in the third volume 
of that work, published in 1833, the Tertiary rocks were for 
the first time divided into groups approximating to those now in 
use. Lyell subdivided the Tertiary strata into three series, 
according to the relative proportion of living and extinct moUusca 
found in them, and named them Eocene, Miocene, and Pliocene. 
Subsequently the Eocene series was divided into two, and the 
upper part named Oligocene ; and the original Newer Pliocene 
group of Lyell waa raised to the rank of a distinct formation, 
under the name of Pleistocene. 

The Pliocene, which is the only formation dealt with in this 
Memoir, was defined by Lyell as including all strata which con- 
tain from 36 to 95 per cent, of recent marine moUusca. This test, 
though readily applied, is somewhat arbitrary ; for the percentages 
in strata really contemporaneous may vary considerably from local 
causes. We must regard the percentage test, like the Linnean 
system in botany, not as fixing a rigid standard by which 
all questions must be decided, but as avaluable key, to be used 
temporarily until a more natural system becomes available. 
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2 INTEODUCTION. 

Lyell himself does not appear ever to have regarded it as anything 
more than this. 

There is, however, no difficulty in fixing the lower limit of the 
Pliocene system in England, for unfortunately no deposits of 
Miocene age are yet known here, and we commence with strata 
yielding over 50 per cent, of recent mollusca. The higher limit 
cannot well be settled by the percentage test, for we have too 
small a number of marine mollusca from the highest Pliocene and 
lowest Pleistocene deposits to allow of comparison. The effects 
of the marked change of climate that occurred after the Crofner 
Forest-bed was deposited seem, however, to form a natural close 
to the period, for the refrigeration apparently caused the extinction 
of a large proportion of the higher animals, though the inverte- 
brates and plants lived on. 

Thus under the term PHocene we may include aU strata deposited 
after the sub-tropical Miocene period, and before the incoming of 
the intense cold of the earliest Pleistocene ages. A change from 
warm temperate to cold temperate occurred in Britain during the 
Pliocene period. There may have been minor oscillations ; but 
the change from conditions like those now existing in the Mediter- 
ranean region, to a climate like that now found in England, 
seems to have been fairly continuous and regular. The alternation 
in the uppermost Crag of a boreal marine fauna with land- 
animals and plants of the temperate zone, is probably due, as we 
shall show, to loCal causes, for the temperate land fauna and the 
arctic marine fauna occur also mixed in the same estuarine 
deposits. 

In Britain this change of climate during the period may be used 
even further in the classification, for our Pliocene strata fall 
naturally into two groups — ^those of the warm temperate and 
those of the cold temperate period — ^with a break and distinct un- 
conformity between them. The division of the newer Pliocene 
deposits into a lower marine and an upper freshwater and estuarine 
series completes the main outlines of the classification, though 
several minor zones can be recognized. The following are the 
subdivisions adopted in this Memoir : — 

Base of the f Arctic Freshwater Bed (with Salia poh/ris, BeMa 
Pleistocene. I nana, &o. 

Leda-myalis Bed (classed provisionally with the 
Pliocene). 

Forest-bed J ^PP^^^'"^«'^^8'*en ^, Gravels with 
Series 1 Bstnarme }■ Blephas meridion- 

NewerPliooene , ■ L Lower Freshwater J alls at Dewlish. 

(cold temperate).^ 'Weyboum Crag (and Ohillesford OlayP). 

CMUeaford Crag. 

Norwich Crag and Sorohicularia Crag. 

Red Crag of Butley, &c. 

Walton Crag (lower Ked Crag). 
"St. ErthBeds; 

Coralline Crag. 

Lenham Beds. 



Older Pliocene , 
(warm temperate). 



Box stones and phosphate beds (with remanie early 
Pliocene fossils). 



INTRODUCTION. O 

" Crag" is a local term commorfty applied in the east of 
England to any shelly marine sand. The word has been adopted 
by geologists as almost equivalent to " Pliocene," but It Is never 
used for clays, such as the OhlUesford Clay or Forest-bed. 

There is a great gap in Britain between the Pliocene strata 
and the next deposit below; for the Hamstead Beds (Middle 
Oligocene) yield a fauna of a totally different character, having 
few, If any, of the species found in the strata above. The 
lapse of time denoted by this gap was so great that enormous 
masses of sediment were laid down In other districts during the 
interval. In Britain, though the intervening strata are absent, yet 
the great flexures in the south of England, and the thorough 
discordance between the Pliocene rocks and the underlying strata, 
serve to indicate how important the break really is. The move- 
ments In the south of England tilted the Oligocene deposits till 
they were vertical ; but the oldest Pliocene strata seem to have 
been laid down when this folding had nearly ceased, and after 
denudation had removed the lower Tertiary groups. We thus 
find at Lenham Older Pliocene strata resting directly on the 
Chalk, and little, if at all, affected by the proximity of the Wealden 
anticline. 

The geographical distribution of our Pliocene deposits will best 
be understood by a reference to the Map at the commencement of 
this volume. Those of Older Pliocene age occupy a small area, being 
almost confined to the district around Orford, in Suffolk. Here 
the Coralline Crag occupies about 10 square miles. There ar'e 
also smaU outliers at Eamsholt and Sutton, and a third, more 
distant, at Tattingstone, between Ipswich and Manningtree. All 
these localities are in the south-eastern part of the county of 
Suffolk. South of the Thames a small outlier of fossiliferous 
Lower Pliocene sands occurs on the edge of the North Downs,' at 
Lenham,. 10 miles east of Maidstone, and ironstones, probably of 
the same age, here and there cap the highest portion of the Down 
as far as Folkestone. One other small patch of Older Pliocene 
strata is found near the village of St. Erth, between St. Ives 
and Marazlon, in Cornwall. There are also some curious sands 
at St. Agnes Beacon, on the north coast of Cornwall, which are 
probably of the same age, though they have as yet yielded no 
fossils. _ .J. 

Taking the whole of the fossiliferous Lower Pliocene deposits 
In Britain^ and allowing for their probable extension under later 
formations In Suffolk, the total area occupied by them does not 
exceed 1 5 square miles. Even If we take into account all the 
deposits that can with any show of probability be referred to 
this period, such as the Ironstone at Folkestone and the sandfe 
at St. Agnes Beacon, the area will not exceed 20 square miles. 
It is essential, however, to distinguish between the present 
limits of a formation and its original extension. The marine 
Older Pliocene strata evidently once extended far and wide over 
Britain, though they have now been reduced by denudation to 
such small and widely separated outliers. 
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The marine Newer Pliocene deposits were in all probability 
of much smaller extent than the older series originally, but 
denudation has affected thein less. The area occupied by the 
Red, Norwich, Chillesford, and Weybourn Crags is now con- 
siderably greater than that of the older series, though on the 
other hand, its present western limit -is probably not fin- from the 
original shore-line. The upper Crag occupies the eastern half 
of Norfolk and Suffolk, and extends a short distance into Essex. 
It seems formerly to have stretched as far south as the Black- 
water. Leaving out of account the small gaps caused by recent 
and glacial denudation, the total area over which the upper Crag 
can be traced amounts to about 1,200 square miles. We must 
also not forget that tliis is only the western margin of a deposit 
which dips beneath the North Sea, and perhaps stretches con- 
tinuously to Belgium and Holland, where it re-appears us the 
Scaldisian or Upper Crag. 

No deposits of this age are known in any other part of Britain, 
though the occurrence of derivative Crag shells in the Drift of 
Aberdeenshire seems to show that beds like the Red Crag must 
occur beneath the North Sea somewhere in that neighbourhood. 

The next division, the sub-aerial, freshwater, and estuarine 
deposits, known as the Cromer Forest-bed, occupies only a limited 
area. It extends along the Norfolk and SufEolkcoastfor about 45 
miles, but its inland boundary cannot be tixed, owing to the great 
thickness of the overlying Drift, and for some distance on each side 
of Yarmouth it is also invisible, though probably occurring beneath 
the sea-level. There is a small outlier of mammaliferous gravel 
containing a similar fauna, at Dewlish in Dorsetshire. Otherwise 
nothing that can be referred to this subdivision of the Pliocene 
series is known beyond the limits of east Norfolk and east Suffolk. 
Capping hills in various parts of the east and south of England 
there are, however, outliers of gravel which, fiom their peculiar 
character and position, seem to date from before the Glacial 
Epoch. These will be described in Chapter X., but as they are 
all unfossiliferous, and perhaps of very different ages, their distri- 
bution has not been marked on the map at the beginning of this 
volume. 

It will be observed that reference is constantly made in the 
following pages to the foreign equivalents of the different strata 
under discussion. This is done, not with the object of referring 
our Pliocene strata to divisions established beyond the limits of 
this country, or to arbitrarily selected " types," but to prevent the 
thin series in England from being taken as in any way formino- a 
stratigraphical and palreontological standard. It so happens that 
England has by far the most complete series of Pliocene deposits 
of any part of Northern Europe, and the strata here are more 
generally fossiliferous. In the Mediterranean region, however, 
the series is much more complete, especially in Italy. We find 
the period represented there by so enormous a mass of deposits, 
that our ideas of its importance are greatly altered. We also 
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discover that the minor subdivisions made in northern Europe 
are quite inapplicable iu the south, and that at present 
scarcely sufficient evidence exists to decide their exact equiva- 
lents in time. The table of foreign equivalents (pp, 222, 223) for 
this reason is purposely confined to the broad outlines. No doubt 
the deposits have been correlated more minutely, and fuller tables 
will be found in many memoirs and geological manuals, but the 
closer one t-tudies the records of the Pliocene period, the more 
hazardous seems any attempt at correlation of the subordinate 
zones in districts 700 miles apart, divided by 10° of latitude, and 
separated by areas of which the Pliocene history is almost a blank. 



CHAPTER II. 

THE NODULE BEDS, OE BASEMENT BEDS OF THE 

CRAG. 

In Britain, as already pointed out, there is a wide gap between 
the Lower and the Upper Tertiary strata, marked by the dis- 
appearance of nearly all the sub-tropical animals and plants of 
the Oligocene period and the incoming o£ a quite new set, no 
longer sub-tropical though stiU showing a climate considerably 
warmer than that now found in these latitudes. The break in 
the eastern counties is particularly well marked, for there our oldest 
Pliocene deposits rest directly on the London Clay, and the only 
indication of the former existence of anything of intermediate date 
is found in the phosphate beds, or " coprolite beds," as they are 
often wrongly called, which occur at the base both of the Coralline 
and Red Crags. 

The "Nodule Bed" seems to be nearly co-extensive with the 
Red Crag, and probably also with the Coralline Crag, though 
often too thin to be of any economic importance. It has been 
extensively worked for phosphatic nodules and phosphatised 
bones, and a large amount of information has been obtained as 
to the origin of the deposits and the character of the included 
fauna. A large proportion of the fossils appears to belong to a 
period somewhat earlier than the Crag, though still truly Pliocene, 
and for this reason, and on account of its peculiar lithological 
character, the Nodule Bed, though really nothing but the base- 
ment bed of the overlying Crag, is here described as a separate 
stratum. 

Most of the papers noticing the Nodule Bed treat it merely 
as part of the overlying Crag, but a few that deal more especially 
with the origin of the nodules and the age of their fossils must 
be mentioned here — the others will be referred to in the chapters 
on the Coralline and Red Crags. 

The first mention of the nodules appears to have been in 1844, 
when Prof. Henslow* described the concretions from the Red 
Crag at Felixstow. He came to the conclusion that they were 
of coprolitic origin. He also noticed the occurrence among the 
nodules of the petro-tympanic bones of at least four species of 
Cetaceans (described in an Appendix by Sir R. Owenf). 



* Proc. Geol. Soc, vol. iv, pp. 281-283. Eeprinted iu Quart. Journ. Geol. 
Soc, vol. i. pp. 35-37. (1845.) 
t Ibid., pp. 283-286, 
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In 1845, Prof. Henslow* again noticed the occurrence of 
phosphatic nodules in the Crag, and quoted Mr. Brown of 
Stanwg,y as having analysed them and found the same amount 
of phosphate of lime as in similar nodules from the London 
Clay.. This resemblance of composition, and the occurrence of 
small crabs and fish like those in the London Clay, led Mr. Brown 
to the conclusion that tlie pebbles in the Orag were derived from 
that series. Prof, Henslow also spoke of an attempt having been 
made to test the economic value of the deposit. 
. In 1846 Sir E. Owenf described jthe Mammalian fossils of 
the Ked Crag, and concluded that the Cetacean ear-bones and 
teeth had been derived from Eocene beds, from the mistaken idea 
that a Cetotolite had been found in the London Clay, it being 
recorded as " from Harwich CliflF." 

Prof. Henslow, recurring to the subject of his paper of 1845, 
two years later,J thought that various bones had been derived from 
the London Clay, as true Crag fossils in his opinion differed from 
these older fossUs in not being mineralized. He stated that the 
Cetacean remains described by Sir R. Owen must be classed with 
the detrital materials from the London Clay, i 

In 1849§ Buckland said i that none of the phosphatic nodules 
from the Orag were true coprolites. He also spoke of the coUt 
ditions under which the phosphatic deposits might have been 
formed in the London Clay from the decomposition of organic 
matter, but suggested also that many of the nodules in the Crag 
might have absorbed a larger amount of phosphor us since they were 
washed out of their matrix in the London Clay. 

In 1851 Dr. W. B. Clarke,|| of Ipswich, gave a further account 
of the Nodule Bed and its contents, and T. J, Herapath^ pub- 
lished a valuable series of analyses of the fossil bones and of the 
phosphatic nodules, though subsequent analyses by other chemists 
show that the average amount of phosphates is somewhat less 
and the silica much greater. In 1854 a suggestion was made by 
Prof. Johnston** that the phosphorus of the phosphatic nodules 
was derived from animal remains in higher beds, dissolved out 
by acids, and re-deposited at a lower level. 

S. V. Wood in 1859 drew attention to the extraneous fossils 
of the Red Orag,tt and remarked that this deposit shows the 
action of strong tidal currents, is more littoral in character, and 
contains a lai^er per-centage of derived fossils than any other 
formation. He suggested that Christchurch Bay (Hampshire) 
shows like conditions to those of the Red Crag sea. He regarded 
the terrestrial vertebrates as intruders, but differed from Sir R. 

* Rep. Brit. Assoc: for 1845, Sections, pp. 51-52. (1846.) 

f A History' of British Fossil Mammals and Birds. 8vo. London, p. 542. 

J Hep. Brit. Assoc, for 1847, Sections, p. 64. (1848.) 

§ Journ. R. Agric. Sbc, vol. x. pp. 520-525. 

II Ann. Nat. Hist., ser. 2, vol. viii. pp, 205-211. 

If Journ. R. Agric. Spc.,.VQl. xii, pp. 91-105. 
** Rep. Brit. Assoc, for 1853, Sections, p. 52. 
ft Quart. Journ. Geol, Soc, vol. xv. pp. 32-45, 
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Owen as to the Cetotolites having been derived from the London 
Clay, thinking that they more probably came from the Coralline 
Crag, or some other deposit of newer Tertiary age. Most of 
the fish-teeth might, in his opinion, have come from the London 
Clay, as well as some sheik and many Crustacea ; there being 
few Secondary fossils. He believed, therefore, that the Eed 
Crag sea was chiefly bounded by London Clay land, the fossils 
from which were introduced into the Crag by coast-action. The 
sandstone nodules, mixed with the phosphatic nodules, some of 
which contain casts of shelle, he regarded as of older Crag age, 
though there is no similar material in our existing Coralline Crag. 
The Red Crag might thus include the harder fragments of various 
Tertiary beds. This paper concludes witli a list of the derived 
fossils. 

In 1865 Prof. E. R. Lankester* treated of the sources of the 
mammalian fossils. He considered that the derivative fossils can 
be distinguished by their greater density and mineralization, that 
in the Nodule Bed not one fauna, but a mixture or selection from 
several, belonging to Pliocene, Miocene, and Eocene strata may 
be recognised ; that the Cetacean bones were derived from some 
deposit of the age of the Middle Crag of Antwerp, which con- 
tains similar species in an unworn state ; and that certain of 
the land mammals come from a Miocene bed ; while Hyraco- 
therium, Coryphodon, and many of the sharks point to Eocene strata. 

The same author in 1867,t referring xo the suggested correla- 
tion of the Coralline Crag with the Black Crag of Belgium, asked, 
if this be the case, how the occurrence of the remanie teeth of 
similar sharks and Cetacea in both of our Crags to be accounted 
for, since no unworn specimens occur in our Coralline Crag, as 
they do in the Black Crag, whence, he asked, came the abundant 
derivative Cetacean and shark fauna of our Red Crag. He 
reiterated his conclusion that the Black Crag is an older deposit 
of the Crag sea, which had its representative in Suffolk, and 
from which fiirst the Coralline and then the Red Crag derived 
their sharks' teeth and Cetacean bones. 

In 1868 Prof. Lankesterf, reverting to his published opinions, 
especially as to the derivation of the bones of the " coprolite- 
bed " from Diestian deposits, noted the finding of 30 or more 
species of molluscs in the sandstone-blocks (box-stones) which 
seem to be Diestian, and of the largest Carcharodon tooth he 
had seen. He regarded the " coprolite-'bed " as a littoral 
accumulation, formed, just before the Coralline Crag, from the 
detritus of London Clay and Diestian strata, with fragments of 
subaerial and freshwater accumulations (whence its Mastodon, 
Rhinoceros, Tapir, Hycena, Sus, and Cervus teeth). He objected 
to the name " coprolite-bed," because there is probably not one 
co^jrolite in it, the nodules being masses of London Clay which 

* Quart. Journ. Geol. Soc, vol. xxi. pp. 221-226. 
t Geol. Mag., vol. iv. pp. 91-92. 
% Ibid., Tol. V. pp. 254-258. 
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have received some 50 per cent, of phosphate of lime from the 
quantities of bones with which they were associated on the 
sea-shore He explained the rarity of bones of terrestrial 
Mammals, as compared with those of Cetaceans, from the fact 
that the former came on to the beach in a different state of pre- 
servation to the latter, which were derived from Diestian beds. 
The fresher bones would be more easily acted on by the sea than 
those already mineralised. 

Mr. £. Charlesworth,* later in the same year, noticed that the 
phosphatic matter often encloses the fangs of the sharks' teeth, the 
tooth proper being left free, and that it is only such teeth as have 
been derived from the London Clay that are thus included in 
phosphate, whence he concluded that all the phosphatic stone (as 
distinguished from bones) in the Crag had been derived from the 
London Clay. 

In 1870 Prof Lankesterj treated of the composition of the 
Nodule Bed at length, and described and figured some of its 
more remarkable fossils. He also pointed out that the Nodule 
Bed occurs beneath the Coralline Crag as well as beneath the 
Red Crag. He gave a detailed account of the sandstone nodules 
that occur in the bone-bed, which he calls box-stones, though 
the majority contain no fossils ; the name boxes has been given 
by the phosphate-diggers to those that show hollow moulds of 
shells on being broken. After examining a large number he 
concluded that all have been derived from one deposit, of Diestian 
age ; and that they are probably coeval with the Lenham sand- 
stone of Kent. They represent a period separated by a wide gap 
from the Red and Coralline Crags, Lists of the fossils found in 
these stones, and of the Mammalia from the bone-bed are given. 

In 1871 Prof. PrestwichJ gave further particulars of the 
Nodule Bed, and described the section at Sutton, where the 
phosphatic nodules are found beneath the Coralline Crag. 

Subsequently Messrs. Whitaker and Dalton gave details of all 
the sections in the Memoirs of the Geological Survey relating to 
the Red Crag district. Those referring to the Nodule Bed are 
the ones on the " Eastern end of Essex (Walton Naze and 
Harwich)" 1877, on "Ipswich, Hadleigh, and Felixstow " 1885, 
and on " Aldborough, Framlingham, Orfbrd, and Woodbridge " 
1886. 

But for the economic value of the Nodule Bed, and the exten- 
sive scale on which it has been worked, we should know little 
about the interesting derivative fauna contained in it. This 
bed is one of the same kind as those at the base of the Chalk, and 
in the Lower Greensand, in Cambridgeshire, Bedfordshire, etc., 
all of them being of a conglomeratic or gravelly character, and 
containing so-called " coprolites," or fossils and nodules composed 
chiefly of phosphate of lime. 

* Geol. Mag., vol. v. pp. 577-580. 

f Quart, Jeurn. Geol. Soc., vol. xxvi. pp. 493-514. 

I Ibid., vol. xxvii. pp. 116-118, 326, 327, 341, 347-349. 
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The Nodule Bed of the Crag contains the usual shells of the 
Red or Coralline Crag, together with a miscellaneous collection 
of various rocks, in small waterworn pieces and in larger blocks. 
Amongst these Chalk-flints and flint-pebbles are the most plentiful, 
many of the former being unworn and partly covered with the 
shells of a Balanus ; quartz and quartzite also occur, and pieces 
of sandstone (Carboniferous and Grey wether), of various Jurassic 
and Cretaceous beds, of granite and other igneous rocks, and of 
London C)lay septaria (sometimes large). Tlie most peculiar of 
the rock-contents are, however, the " box-stones," above referred 
to. These are irregular rounded lumps of a tough, brownish 
sandstone, shown, by the contained fossils, to be of comparatively 
late Tertiary age, though older than the Coralline Crag, and 
lithologically unlike any members of the English Tertiary forma- 
tions. 

Besides the phosphatic nodules, great numbers of phospha- 
tized fossils occur, which, like the rocks, are of various ages. 
Among them are numerous fragments of Jurassic Ammonites, 
imbedded in a matrix similar to that containing the London Clay 
species. Like most of the Eocene nodules they are probably 
altered fragments of septaria, or clay-pebbles. Other Jurassic and 
Cretaceous fossils are found in an unphosphatized or little phos- 
phatized state, but these appear originally to have been included 
in a matrix of different character ; for instance, fragments of the 
ferruginous Marlstone of the Middle Lias, full of Rhynchonella 
tetrahedra, do not seem to have been in any way altered. Phos- 
phatized v(rood of palms and conifers is also associated in the 
Nodule Bed with fragments of silicified wood. The most abun- 
dant fossils consist of sharks' teeth and other remains from the 
London Clay, of teeth of many land mammals (pig, rhinoceros, 
mastodon, tapir, deer, hipparion, etc.), derived from some older 
Pliocene beds, and of many bones and teeth of marine mammals 
of like age, pieces of the ribs of whales being indeed among the 
most common things to be seen on thephosphate heaps, and ear- 
bones being not infrequent. 

The only place where the Nodule Bed has been worked 
beneath the Coralline Crag is at Sutton, where, however, the pit 
did not prove remunerative, and was soon filled up. This section 
appears only to have been examined by Professors Lankester 
and Prestwich, and the following account is taken from their 
notes. Prof Lankester merely mentions the occurrence of certain 
derivative mammalian bones, and of box stones, at the base of 
the Coralline Crag as well as under the Eed Crag ; Prof. Prest- 
wich gives fuller particulars as to the character of the deposit.* 

The old pit lay on the south side of Sutton-farm Hill, where 
the surface of the London Clay is 8 feet above the level of the 
River Deben. " Immediately on the London Clay we find a bed, 
from 1 to 1^ foot thick, of Phosphatic nodules, not to be dis' 

* Quart. Journ. Geol. Soc, vol. xxvii, p. 116. (1871.) 
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tinguished in general appearance from those of the Red Orag. 
Among them I found, as in the Eed Crag, a grea,t many fossil 

Crustacea, much worn, derived from the London Clay 

With these I found one fragment of the horn of a Deer much 
mineralized, a small Cetacean vertebra retaining the ordinary 
bone-structure, together with numerous teeth of sharks. In the 
same bed were worn blocks of Septaria from the London Clay, 
drilled by boring moUusca, and flat, worn, highly mineralized 
Cetacean bones, superficially punctured, as those in the Red 
Crag, together with fragments of Bryozoa, Terebratula grandis, 
and Cyprina, much worn, and the latter full of the cavities made 
by minute boring sponges. With these organic remains there 
were a small number of the nodules or balls of coarse dark-brown 
sandstone, often containing the cast of a shell, so common in places 
in the Red Crag ; there were also small pebbles of quartz and 
of fl.ints, and some large pebbles of light-coloured, hard, siliceous 
sandstone : but the most remarkable specimen I there found was 
a rounded boulder of dark-red porphyry of considerable size, and 
weighing about a quarter of a ton. None of the specimens were 
angular or striated." Prof. Prestwich then gives a list of the 
most important specimens from this pit in the collection of Mr. 
Colchester ; they were : — 

One tooth of Mastodon {M. arvernensis). 

Two milk-teeth of Rhinoceros (R, Schleiermacheri%). 

Two teeth of Deer ( Cervvs dicranoceros). 

Four teeth of Cetaceans. 

One vertebra of Whale, large. 

Two ear-bones of Whale ; one mineralized, the other not. 

Four skulls of Belemnoziphius. 

Many teeth of Carcharodon and Lamna. 

One vertebra of a Saurian (an extraneous fossil o£ Jurassic 
age). 
" These are fossils identical with the species from the Red 
Crag ; and, like them, they present a highly mineralized condition, 
and are, with the exception of some of the Cetacean and a 
few of the other Mammalian remains, all more or less rolled, 
worn, and polished.-"* 

Under the Alluvium of Boyton Marshes Coralline Crag 
phosphate has also been worked, the water being kept down by 
pumping. Mr. A. Bell states that about 18 inches of Coralline 
Crag are overlain by Red Crag, and in working the labourers 
mix the two together. The admixture of Red Crag with 
Coralline Crag phosphate at this locality makes it impossible to 
separate the fossils with certainty, for the majority of the 
Coralline Crag shells show traces of a Red Crag matrix, proving 
that they come from a bed that has been reconstructed, and not 
from the undisturbed Coralline Crag Nodule Bed. 

Though phosphatic nodules and phosphatized bones are of 
common occurrence at the base of the Red Crag, only over part 

* Op. cit. p. 1.18. 
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of the district do they occur in sufficient abundance and suflficiently 
near the surface to be worth working. It is consequently only 
from a limited number of localities that the older fossils, with 
which we are especinlly concerned in this Chapter, have been 
obtained. A triangular area enclosed within a line drawn from 
Ipswich to the sea at Orford, and another to the Stour at Dover- 
court, will include the whole of the district over which phosphate 
has been dug. As the sections of the, Nodule Bed will be de- 
scribed with the Ked Crag, it is unnecessary here to enter into 
details respecting them ; it will be sufficient to mention that box- 
stones are especially abundant around Trimley, between the 
Eivere Orwell and Deben. 

The materials included in the Nodule Bed may be classed' 
under several heads. First we have the rocks and fossils 
belonging to periods older than the Tertiary. These are : — 

Granite and igneous rocks. 

Jurassic rocks and fossils. 

Cretaceous fossils, large flints, Lower Greensand chert. 

The next group includes undoubted Eocene fossils : — 

Mollusca, many species 

Crustacea, many species 

Teeth of Lamna and Otodus i „ ^^i t j /-n 

Coryphodon \ ^''^"^ *^^ ^"^^"'^ ^lay. 

Hyracotherium j 

Septarian nodules J 

Then come a number of Upper Tertiary vertebrate remains, 
perhaps belpnging to more than one period, and the box-stones. 
It is with this last group that we have now more especially to 
deal. • 

So many difficulties stand in the way of the separation of the 
various phosphatized bones into groups according to their 
geological age, that it will be advisable to deal first with the 
mollusca contained in the box-stones. The box-stones are rounded 
fragments of a peculiar brown sandstone, easily recognizable, and 
belonging, with little doubt, to a single horizon! The sand varies 
in fineness, but is usually somewhat coarse, many of the lumps 
containing small quartz pebbles ; in fact it is just such a bed 
as might from its disintegration yield the coarse sand of the 
Red Crag. The cementing material is largely calcareous, but 
Mr. TeaU, who has tested two samples, states that they are both 
also highly phosphatized, though from the quantity of sand 
contained in them they may be too poor to be worth working. 
Shells are abundant, but generally occur in the state of hollow 
moulds, the shell itself having been entirely removed by percolating 
water. These casts — as is the case in the Lenham ironstone — are 
often so sharp and well-defined that there is no difficulty in 
determining the species. Sometimes, however, the moulds have 
been subsequently filled with crystals of quartz, oxide of iron, or 
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with an earthy green mineral ; in other cases a cement of carbonate 
of lime fills all the interstices between the grains of sand and 
partly occupies the place of the originally calcareous fossils. 

The importance of the fauna included in the box-stones was first 
pointed out by Prof. Lankester, whose papers on the Nodule Bed 
and its contents, already cited, contain frequent references to the 
moUusca associated with the vertebrate remains ; his last note on 
the subject contains a list of the species obtained up to the year 
1 870.* The following list of the mollusca identified up to the 
present time includes those found by Prof Lankester and a few 
others since obtained : — 

Mollusca from the Suffolk Box- Stones. 

Bulla, sp. "Voluta auris-leporis. 

Cassidaria bioatenata. Lamberti. 

Conns Dujardinii. Abra, sp. 

Dentalitim dentalis (= D. costatum). Astarte, sp. (not A. sulcata). 

Ficularetioulata(= Pyrulaacolinis). Cardium deoorticatum. 

Nassa conglobata (acme of the Cyprina islandica. 

specimens belong to young rustica. 

Cassidaria, as Prof. Lankester Glyoimeris angusta. 

has shown, but one or two appear Isocardia Cor (and var. lunulata). 

to be correctly determined). Mactra, sp. 

; — sp. Mya, sp. 

Natioa, 2 sp. Fanopsea Faujasii. 

Biingicnla, sp. Pecten opercularis. 

Troohus ziziphinus. sp. 

sp. Peotnnoulus glyoimeris. 

Trophon, sp. Tellina, sp. 

TurriteUa, sp. Venus, sp. 

Of the 16 determined species from the box-stones all except 
two are well-known British Pliocene forms ; the remaining two 
Voluta auris-leporis and Conus Dujardinii both occur in Pliocene 
beds on the continent. No doubt the mollusca show a decidedly 
warm climate — perhaps warmer even than that indicated by the 
fauna of Lenham, but at the same time there is not a single 
characteristic Miocene shell in the list, though most of the species 
range downwards into Miocene bed.s. As far as the mollusca go 
the evidence points to the box-stone fauna as belonging distinctly 
to very early Pliocene times. 

The abundant remains of fish in the Nodule Bed are more 
difficult to deal with, for it seems to be quite impossible to 
separate by their mineralogical character or state of preservation 
the box-stone species from those derived from the London Clay. 
It may seem strange not to be able to separate Eocene from 
Pliocene specimens, but when we find thousands of teeth of 
Lamna elegans, in every state of preservation, from rolled 
fragments to perfectly unworn teeth, and find also that the 
species ranges through Eocene, Oiigocene, and Miocene formations, 
there is nothing to show that some of the Nodule Bed specimens 

♦ Quart. Journ. Geol. Soc, vol. xxvi. p. 493. 
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may not be contemporaneous with the shells, though the majority 
are undoubtedly derived from the underlying London Clay. A 
tooth of Carcharodon megalodon (Fig. 1) has been found imbedded 

¥lG. 1. 

Carcharodon megalodon, Ag. 

Half natural size. 

(From a specimen retaining traces of the characteristic serrated margin, in the 
Museum of Practical Geology.) 




in the box-stone matrix, and has been quoted as an indigenous 
fossil ; other specimens of the same species may be of much older 
date, and even the specimen in a box-stone may have been 
originally washed out of an older deposit. 

The mammals, having a more restricted range in time, are 
more easy to deal with, for we can at once put on one side 
Coryphodon and Hyracotlierium as undoubtedly derived from 
Eocene strata. The other species from the Nodule Bed fall 
naturally into two groups — the cetacea and seals, and the land 
mammals. These are divided into several groups by Professor 
Ray Lankester, who is inclined to treat them as derived from 
various deposits of Miocene and Pliocene age, but I do not think 
there is any reason to consider that this derivative fauna belongs 
to more than two periods — the Lower Eocene and the Older 
Pliocene. The marine mammals, as far as yet determined, seem 
to correspond with those of the Diestian Sands of Antwerp.* 
The Diestian Sands and the box-stones are probably, however, 
so nearly of the same age, that there is no reason why the fauna 



* There seems still to be some uncertainty as to the exact horizon from which 
many of the Antwerp cetacea have been obtained. 
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of the one should differ materially from that of the other, though 
we might fixpect to find the same species in different proportions, 
according to the known life -succession in Pliocene time. The older 
deposits should contain abundance of the southern species, while 
the newer should affoi-d evidence of a preponderance of individuals 
hplongihg to more northern forms. In actual fact this pre- 
ponderance is well shown by the moUusca of the box-stones. 
Besides the cetacea the Nodule Bed contains a Walrus, Trichechus 
Huxleyi, which occurs also in the Cromer Forest- bed. 

The land mammals, as far as yet determined, are species found 
in Pliocene strata on the continent — such as Mastodon arvernensis 
(Fig. 2) — with the addition of a few still unknown except in the 



Jig. 2. 

Mastodon arvernensis. Or. & Job. 

Half natural size. 





a. Side view of tooth, b. Grinding surface of same specinieu. 



Nodule Bed ; none are exclusively Miocene. No land mammals 
having yet been discovered in the Coralline Crag or in the Diestian 
of Antwerp, we must guard against concluding from a comparison 
of the mammalian fauna of the Nodule Bed with that of the Forest- 
bed that they cannot both be Pliocene, for in this country most 
of the intervening links in the chain are missing. In the Appendix 
is given a complete list of the vertebrata from the Nodule Bed, 
but it may be observed that two or three of the species may 
possibly belong to the period of the Eed Crag, of which deposit 
the Nodule Bed is merely the conglomeratic base. 

Pits for " coprolite," or phosphatic nodules have constantly been 
alluded to in the previous pages. The raising of this material 
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being the only mineral industry of any importance connected with 
the Crag, it may be convenient here to give some further particu- 
lars relating to the economic value of the deposit. The mode of 
occurrence of the " Nodule Bed " has already been described. Its 
thickness varies considerably, for in many places there are only a 
few scattered lumps of the phosphate at the base of the Red Crag, 
while in others they form a seam as much as 18 inches thick. 
The usual thickness is less, pits seldom showing more than 10 or 
12 inches. In working the Nodule Bed, the method adopted is 
to begin at the outcrop, and work with a long straight face 
toward the rising ground. The overlying Crag is removed in 
successive steps and thrown into the abandoned part of the pit, 
the surface being made good as the work goes on, so that the land 
may be again available for agricultural purposes as soon as 
possible. When a sufficient area of the Crag has been cleared 
away, the lowest portion, wliich contains the phosphatic nodules, 
is carefully removed and screened, and then hand-picked to get 
rid of the valueless part, such as the flints, quartzite pebbles, 
ghells, and box-stones. Though the box-stones are phosphatized, 
they contain apparently too small a per-centage of phosphate of 
lime to be worth taking. In the process of screening all the small 
phoapatic nodules are lost, but it is difficult to see how that can 
be avoided. 

It is impossible to obtain trustworthy estimates of the available 
amount of phosphate, but no very large proportion has yet been 
removed. The depth at which it can be worked profitably varies 
greatly according to local circumstances and the market prices of 
the stone. More than 30 feet of overlying sands are removed at 
Foxhall, but this thickness is quite exceptional, and the working 
depends largely on the present low rate of wages in the district. 
There must be many square miles of the Nodule Bed within 30 
feet of the surface. 

No exact statistics are available as to the amount of phosphate 
raised ; but Mr. W. Colchester has kindly supplied the following 
estimates : — 





Tons. 




Tons. 


1847 about 500 


1877 


about 10,000 


1848 


1,000 


1878 


,, 10,000 


1849 


3,000 


1879 


„ 4,000 


1850 


, 5,000 


1880 


5,000 


1851 


6,000 


1881 


5,500 


1852 


8.000 


1882 


5,500 


1853 


, 10,000 


1883 


5,500 


1864 


, 12,000 


1884 


„ 7,800 


1855] 


Average 


1885 


6,000 


1856 • 


about 


1886 


4,000 


1857. 


9,000 


1887 


2,000 


1858 


, 10,000 


1888 


3,000 


1859-1 


Average 


1889 


5,000 


to ■ 


about 






1876. 


9,000 
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In 1847 the " Ooprolite " was first dug. In 18.'i4 the Greensand 
" Ooprolite " at Cambridge was discovered, and after that time the 
amount raised in SuflFolk began to fall off. Mr. Colchester re- 
marks that "the quality is wonderfully uniform, 56 per cent, 
of phosphate of lime. The average for Cambridge Ooprolite is 
58 per cent, phosphate but there is an excess of oxide of iron 
and alumina in the Suffolk, which accounts for the difference 
in price." 

' Dr. A. Voelcker, in his paper on Phosphatic Manures,* treats of 
the Suffolk Phosphates, and remarks that "in commercial 
phraseology, we have to understand by Suffolk-coprolites, or 
Crag-coprolites, or pseudo-coprolites, the mixed fossil bones, fish- 
teeth, and phosphatic pebbles which occur in the Suffolk Crag. 
These phosphatic matters are distinguished from the grey- 
coloured Chalk coprolites by a brownish ferruginous colour, and a 
smoother appearance. They are very hard, and yield on grinding 
a yellowish-red powder. Analysed in the manner usually adopted 
in commercial analyses, the composition of several samples of 
ground Suffolk coprolites may be illustrated by the following 
tabulated results : — 

GrBNEEAL Composition op Sotpolk Copbolites. 



No. 1. 



No. 2. 



No. 3. 



No. 4. 



No. 5. 



Moisture and a little organic matter 

Phosphates 

Carbonate of lime, magnesia, fluo- 
rine, &c. (determined by diffe- 
rence) - 

Insoluble siliceous matter 



4-61 
56 '52 



25-95 
12-92 



3-80 
60-21 



21-77 
14-22 



4-11 
61-15 



22-39 
12-35 



6-28 
60-99 



21-74 
10-99 



4-74 
44-20 



20-92 
30-14 



100-00 



100-00 



100-00 



100-00 



100-00 



" In good samples of Suffolk coprolites the amount of insoluble 
siliceous matter varies from 10 to 14 per cent. ; No. 5, therefore, 
appears to be a very inferior specimen. 

" Besides fluoride of calcium, they contain a good deal of oxide 
of iron and alumina, which partially, at least, are thrown down 
with the phosphates when the latter are determined by precipita- 
tion with ammonia, as is usual in commercial analysis. In this 
case the amount of phosphates will be stated in excess. The true 
value of these pseudo-coprolites, therefore, can only be correctly 
estimated if the phosphoric acid which they contain is accurately 



* On the Chemical Composition and Commercial Value of Norwegian Apatite, 
Spanish Phosphorite, Coprolites and other Phosphatic Materials used in England for 
Agricultural Purposes. Jourti. R. Agric. Soc, vol. xxi. pp. 359, 360. (1860.) 
E 60798. B 
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determined. This has been done in the subjoined analyses which 
at the same time represent their their detailed composition : — 

Detailed Composition of Suffolk Copboliies. 

No. 1. No. 2. 

Moisture and water of combination with a trace 
of organic matter 

Lime 

Magnesia - 
aPhosphoric acid 

Oxide of iron 

Alumina - 
iCarbonic acid 

Sulphuric acid 

Fotasbi 

Soda 

Chlorine 

Fluorine and loss 

Insoluble siliceous matter 



(a) Equal to tribasic phosphate of lime (bone-earth) 
(6) Equal to carbonate of lime 

" No. 1, it will be seen, is a very superior sample : No. 2 
represents a good average sample of Suffolk coprolites. In two 
other samples, in which the amount of insoluble matter and 
phosphoric acid alone was determined, I find : — 

No. 1. No. 2. 



. 


5-76 


2-53 


. 


40-70 


38-20 


. 


■34 


1-34 


. 


28-32 


24-24 


: } 


4-87 


/4.81 
'.3-72 




5-08 


5-37 




-87 


1-40 




■78 


■56 




■25 


1-18 




traces. 


•07 




3^02 


4-31 




10-01 


12^27 




100-00 


100-00 


e-earth) 


61-30 


62-52 


. 


11-64 


12-20 



Insoluble silicious matter - 
Phosphoric acid ... 

Corresponding to bone.earth 



12-56 
23-48 
50-87 



11-05 
24-26 
62-56 



It should be remembered that although phosphates have 
generally been worked only at the base of the Red Crag, they 
may yet be profitably dug also at the bottom of the Coralline 
Crag. Prof. Prestwich says that " it was only at one small pit 
[at Sutton], and there for a short time that the bed of phosphatic 
nodules at the base of the Coralline Crag was worked/' He also 
tells us that " the condition ... of the bones at the base of 
this Crag is precisely of the same character as that of those at the 
base of the Red Crag." 
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CHAPTER III. 

CORALLINE CRAG. 

Though the shelly sands locally known as Crag have been 
worked and their fossils collected from a very early period, it was 
not till 1835 that it seems to have been suspected that two 
distinct deposits with different faunas were included under this 
name. Previous observers took tlie Red Crag to be merely 
composed of the debris of the lower bed. In the year 1835 
Mr. Oharlesworth* read a paper in which the Crag was shown to 
be divisable into an upper, or Red Crag, and a lower, or Coralline 
Crag. The Coralline Crag was so named from the " Corals " 
(Bryozoa) found in It. They are repeatedly alluded to by 
Mr. Charlesworth, who, speaking of the pits at Sudbourn and 
Orford, mentions " the abundance of corals, many of which are 
extremely beautiful, and distinct from recent species. These 
corals sometimes occur in a loose sandy grit, from which they are 
readily detached ; but it frequently happens that the stratum is 
almost wholly constituted by them, numerous species and genera 
indiEcriminately growing upon one another, the interstices being 
filled with sand, dead portions of coral, comminuted shells, and 
other extraneous substances, all of which have become cemented 
together, occasionally forming a rock sufficiently compact for the 
purposes of building." 

Mr. Charlesworth had thus at this early date thoroughly 
grasped the characteristic features of the deposit, and had not 
only done so but had recognised that the main mass at Sudboume 
and Orford and the sections at Aldborough, Tattingstoue, and 
Ramaholt all belong to one period, older than the Red Crag. 
The objection has since been made that true corals are rare in the 
Coralline Crag, and that the " corals " of Mr. Charlesworth are 
now known to be Bryozoa (Polyzoa) ; the terms Bryozoan Crag or 
White Crag have therefore been proposed. There seems, however, 
no reason for changing the very appropriate name given by 
Mr. Charlesworth, for in popular parlance bryozoa, such as occur 
so abundantly in the Coralline Crag (see Fig. 3), are corals, and 
one will often find marked on the Admiralty charts soundings 
with '^ coral " — meaning any coral-like organisms, either bryozoa, 
true corals, or gregarious tube-inhabiting annelids. Even long 



* Phil. Mag., ser. 3, vol. vii. pp. 81-94. (1835.) Abstract in Proc. Geot. Soc, 
vol. ii. No. 41, pp. 195, 196. 
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after the date of Mr. Charlesworth's paper LyeU speaks of the 
characteristic Crag bryozoa as " corals." 

Fig. 3. 

Fascicularia aurantium, M. Edw. 
Natural size. 




After the publication of Mr. Charlesworth's paper there was a 
good deal of discussion as to the accuracy of his views. The 
controversy is now of little interest, but anyone wishing to follow 
it will find the titles of all the papers in the Appendix. It may 
be observed, however, that LyeU almost immediately accepted the 
proposed names, maintaining, however, that both beds belonged 
to one period. A few years later LyeU* visited the Crag district, 
and was able to give a description of the marked unconformity 
between the two de'posits. He, however, now agreed with 
Desnoyers in considering both beds to be contemporaneous with 
the Faluns of Touraine. The principal points of interest in his 
paper — as far as the Coralline Crag is concerned — are the full 
descriptions of the Sutton and Tattingstone sections, in both cases 
drawn up after special excavations had been made. 

Most of the papers about this date refer especially to the upper 
division, and the next advance is marked by the publication of 
the first part of Searles Wood's Monograph of the Crag Mollusca.f 
In this monograph the author speaks of the Coralline Crag as 
Miocene, and of the Red Crag as Pliocene, but on the completion 
of the work he inclined to refer both to the Pliocene period. J 

From 1848 onward numerous monographs on the different 
classes of fossils in the Crag were published by the Palseonto- 
graphical Society. Besides the splendid work on the Mollusca 

* On the Relative Ages of the Tertiary Deposits commonly called " Crag," in the" 
Counties of Norfolk and Sufiolk. Mag. Nat. Hist., u. ser., vol. iii. pp. 813-330. 
(1839.) 

f Patteontographical Society, 1848. — Introduction, p. v. 

t Ibid,, 1856, pp. 301, 302. 
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just mentioned, Milne-Edwards and Haime described the Corals 
in 1850, Darwin the Oirripedes in 1851 and 1855, Forbes the 
Echinodermata in 1852, Professor T. R. Jones the Entomostraoa 
in 1857, Busk the Polyzoa in 1859, Professors Jones and Parket 
and Mr. Brady the Foraminifera in 1866. All these monographs, 
as well as various scattered papers on particular fossils, contained 
information which helped to advance the knowledge of the nature 
and age of the deposits and of the conditions under which they 
were laid down ; but of stratigraphical papers or of notes relating 
directly to the physical character of the beds there were few. 
Wood,* however, in 1854, when describing some curious tubular 
cavities in the Coralline Crag, incidentally gave some additional 
particulars of the extent and lithological character of this division. 

In 1865 Professor E. Ray Lankeaterf gave a sketch of the 
general character and extent of the Crags. The first part of this 
paper has been referred to in the previous chapter. The second 
part dealt with the correlation of the Crags of Antwerp and 
England, concluding from the per-centage of extinct mollusca in 
each deposit " that the Red and Coralline Crags of Suffolk and 
the Upper Crag of Antwerp are far more closely connected with 
each other than any one of them is with the Middle or Lower 
Crag, or than these latter are with each other ; and on this account 
the Red, Coralline, and Upper Antwerp Crags may be considered 
as Upper Pliocene; the Middle Antwerp Crag, as Middle 
Pliocene ; and the Lower or Black Crag, as Lower Pliocene." 
Further on Professor Lankester pointed to the derivative mam- 
malian remains in the Red Crag as probably being the debris of 
an older formation of the age of the Middle Crag of Antwerp — 
otherwise unknown in England — no equivalent being found in this 
country of the Lower Antwerp Crag, which he referred to the 
Upper Miocene Period and correlated with beds at Bordeaux and 
Vienna. 

In the same year S. V. Wood, jun.,| issued a Map of the Upper 
Tertiaries in the counties of Norfolk, Suffolk, etc. On this map 
the Coralline Crag was for the first time sepai-ated from the newer 
deposits ; the accompanying remarks, however, refer almost 
entirely to the later beds. 

Next year, S. V. Wood, sen.,§ speaking of the relation of the 
Red to the Coralline Crag, writes : " In the case of the Coralline 
Craf, we have evidence that it contains the exuviae of animals the 
most removed from our own marine fauna, in the fact that in it 
are the remains of 27 genera that are extinct in the British seas 
. . . . From this it is fair to infer that this Crag belonged to 
a period long antecedent to the deposition of the Red. Indeed so 
far as the word ' Crag ' indicates any material affinity between the 



* Phil. Mag., ser. 4, vol. vii. p. 320. 

f On the Crags of SufEolk and Antwerp. Geol. Mag., vol. ii. pp. 103, 149. 
J Privately printed. An abstract of the remarks in explanation in Quart. Journ. 
Geol. Soc, vol. xxi. p. 141. 
§ On the Structure of the Ked Crag. Ibid., xxii. p. 541. 
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two formations, it misleads, since, remote as it is, and severed from 
the present time by a considerable sequence of deposits and events, 
the oldest part of the Red Crag is less removed, palasontologically, 
from the present time (and far less so from the ChiUesford beds) 
than it is from the Coralline Crag thus associated with it in name, 
but dissociated from it in fact." I have quoted this passage in 
full, for it appears to be one of the earlief^t instances in which an 
observer in this country was able to shake himself free from the 
fetters of mere numerical statistics in dealing with the Crag 
faunas. Wood, putting on one side the method of fixing the age 
of a Tertiary deposit by the proportion that it contains of species 
living in any part of the world, points to broad differences in the 
general characters of the Coralline and Red Crag faunas, and to 
the great contrast of the older one to that of the Red Crag or 
that now inhabiting the British seas. He realizes that extensive 
climatic changes and migration show a lapse of time and are good 
grounds for distinction, though the vanished species may stiU be 
found living in other parts of the world. 

About this date there was a good deal of discussion as to the 
correlation of the English and Belgian Crags, but the arguments 
have lost their force now that it is known that the Scaldisian, 
Diestian, and Miocene faunas were not always properly separated. 
The principal papers were by R. A. C. Godwin- Austen,* Prof. 
E. Ray Lankester,! and Prof A. von Koenen.J 

The next paper containing new facts relating to the Cor'alline 
Crag was published in 1868 by Prof. Lankester.§ This com- 
munication deals principally with the mammalian remains found 
at the base of the Crags and has already been referred to in 
connexion with the difficult question of their origin (p. 8). 

Later in the same year Godwin- Austen, in his address to the 
geological section of the British Association,! again dealt with 
the physical conditions under which the Crags on both sides of 
the North Sea were deposited. He assigned the Coralline Crag 
to a depth of 40 fathoms, and spoke of it as " the lowest condition, 
or the deepest, of which our English area offers any illustration." 

In 1870 Prof. Lankester^I, after pointing to the probable 
source of the mammalian remains in the various bone-beds of 
Norfolk and Suffolk, gave a full list of the fossils found in the 
" box-stones." This important paper has been referred to in the 
previous chapter. Prof. Lankester concluded that the box-stones 
and their fossils belong to an older period than either the Coralline 
or Red Crag. 

* On rbo Kainozoic Formations of Belgium. Quart. Journ. Geol. Soc, vol. xxii. 
p. 228. (1866.) 

f On the Crags of Suffolk and Antwerp. Geol. Mag., vol. ii. pp. 103, 149 (1865); 
Are the Coralline Crag of Suffolk and the Black Crag of Belgium contemporaneous 
Deposits? 7Wrf., vol. iv. p. 91. (1867.) 

J On the Belgian Tertiaries. Ibid., vol. iv. p. 501. (1867.) 

§ The Suffolk Bone-hed and the Diestian or Black Crag in England. Ibid. 
vol. V. p. 254. 

II Geol. Mag., vol. v. p, 469, and Sep. Brit. Assoc, for 1868, and Geol. Nat. 
Hist. Repertory, vol. ii. p. 229. 

T Quart. Journ. Geol, Soc, vol. xxvi. p. 493. 
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Next year appeared Prof. Prestwich's important series of 
papers on the structure of the Crag beds.* The first of these — 
that on the Coralline Crag of Suffolk — had been read before the 
Geological Society in 1868 and is several times alluded to in 
Prof. Lankester's paper published somewhat later in that year. 
Prof. Prestwich gave full details of the different Coralline Crag 
pits, adding a map of the outlier at Sutton and levelled sections 
across the hill. He concluded that several zones could be traced 
in the Coralline Crag, though the higher ones sometimes overlap 
the lower so as to rest on the London Clay. The total thickness 
was taken to be about 76 feet, and in a generalized section the 
following divisions were made : — 

Feet. 
r h. Sand and comminuted shells - - 6 

i g. A series of beds consisting almost entirely"! 
Upper Division, J of comminuted shells and remains of I 

SR foof. *S Bryozoa, forming a soft building-stone. >30 

False stratification and oblique bedding j 
are its constant characters - -J 

"/. Sand with numerous entire small shells and \ [. 
seams of comminuted shells - J 

e. Sands with numerous Bryozoa, often in the "| 

original position of growth, and some > 12 
small shells and Echini - - J 

d. Com.minuted shells, large entire or double T 

shells, and bands of limestone in the i-15 
upper part ■ - - - J 

c. Marly beds with numerous well-preserved "I 

and double shells, often in the position in y 10 
which they lived - - - - J 

6. Comminuted shells. Cetacean remains, "1 j 
Bryozoa - - - - - J 

^a. Phosphatic nodules and mammalian remains 1 

In a later paper a slight correction is made — " It is possible 
that the estimate for bed ' e' may be 2 feet, and for bed ' d' 
5 feet, too thick, which would make the thickness of the lower 
division of the Coralline Crag about 40 instead of 47 feet." 

Under the heading " General Considerations " Prof. Prestwich 
gives an account of the history of the Older Pliocene strata, and 
of the physical changes which took place in the Anglo-Belgian 
basin during the Miocene and Pliocene periods. He then points 
to the varying conditions under which the different portions of 
the Coralline Crag were deposited, and traces the changes 
indicated by tlie beds overlying the Nodule Bed thus : " As the 
land subsided the coarser materials of the basement-bed were 
covered up by a bed of comminuted shells. This subsidence 
continuing, beds ' c ' and * d ' were deposited in comparatively 
deep and tranquil water. These beds are succeeded by the sands 
' e,' abounding in Bryozoa, with small Echini, and a number of 
small bivalves, indicating apparently the greatest depth of sea 
(possibly of from 500 to 1,000 feet) attained during the Coralline- 
-Crag period. A change then took place, and a bed of comminuted 

* Quart. Journ. Geol. Soc, vol. xxvii. pp. 115-146, 
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shells, with occasional oblique lamination, was spread over this 
deep-sea bed, indicating possibly a shallowing of the sea by a 
reverse movement of elevation, and the setting in of stronger 
currents with intervals of quiet deposition. Further elevation, 
exposing the sea-bed to the action of tides and currents, led to 
considerable wear and denudation of the lovrer beds and to the 
heaping up of the remains of Bryozoa and of MoUusca of beds 'f 
and ■' e ' in banks over portions of the sea-bed. Under such 
conditions the upper division ' _(/ ' of the Coralline Orag seems to 
have been generally formed ; at a few places only do some of the 
beds seem to have been formed tranquilly." 

" Bed ' h ' shows, in the finer state of comminution of the shells 
and Bryozoa, that the water probably continued to get shallower ; 
and finally a continuance of the same movement of elevation 
gradually raised the Coralline Crag above the sea, and exposed 
it to the denuding action which has removed so large a portion of 
it. Then, or during the Hed-Orag period immediately following, 
the Coralline Orag was broken up into detached islands and reefs, 
amongst which the Red Crag was deposited during a period of 
slow and small subsidence." 

To this paper is added a full list of the Coralline Crag mollusca, 
with the determinations revised by Gwyn Jeffreys. Comparisons 
are also made between the Coralline Crag fossils and the fossils of 
various continental Pliocene deposits, and also with the living 
faunas of different seas. The conclusion come to is that a much 
larger proportion of the Coralline Crag mollusca belongs to recent 
species than was allowed by Searles Wood, and that the Coralline 
Crag contains a good many northern forms not recognised by 
that author. Thus the fauna is made to appear more like that 
now inhabiting the British seas, and less like that of the 
Mediterranean, than had generally been thought. 

Next year (1872) Messrs. S. V. Wood, jun., and F. W. Harmer* 
gave a general description of the Coralline Crag, without entering 
into much detail of the sections. As the divisions adopted by 
them are somewhat different from those suggested by Prof. 
Prestwich, it will be desirable to quote their account, especially 
as it is founded on the life-long work of S. V. Wood, senr. After 
indicating the known extent of the deposit — which had scarcely 
been traced beyond the limits within which Mr. Charlesworth 
first described it in 1835 — they mention a trace "at Trimley, 
where it was observed in the digging of a ditch by the late 
Mr. ActOD." If this note is accurate it carries the OoralUne 
Crag 4 or 5 miles south of the furthest point to which it had 
previously been followed. 

Messrs. Wood and Harmer's general description of the Coralline 
Crag is as follows : " The Coralline Orag has long been known 
to consist of two main portions, and a third subordinate bed. 
The first and lowest of these consists of a series of calcareous 



* An Outline of the Geology of the Upper Tertiaries of East Anglia [with Map], 
iu the Supplement to the Crag Mollusca. Palceontographical Society. (1872.) 
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sands, in some places more or less marly, which are rich in 
MoUuscan remains. The second consists of a solid bed formed of 
Molluscan remains, agglutinated with the fronds and fragments 
of various species of Polyzoa into a rock, so hard as to have been 
formerly quarried for building. The third and uppermost is a 
thin subsidiary bed, consisting of a few feet of the abraded material 
of the rock, reconstructed evidently in very shoal water, probably, 
indeed, between tide marks, as it is very obliquely bedded. 

" From the outliers at Tattingstone and Ramsholt this rock-bed 
is absent, but over the Sutton outlier a small cap of it remains 
Over the main mass, however, it spreads continuously, and either 
from a slight northerly dip of the whole formation, or else from a 
displacement of the underlying shelly sands, this rock-bed descends 
to the sea-level at the northern extremity of the mass." The 
authors then criticise the method by which an estimated thickness 
of between 80 and 90 feet had been bbtained for this formation, 
and consider that " the place to test the true thickness of the 
formation is clearly that where it is in the greatest state of pre- 
servation Estimated in this way, it will be ditficult 

to make out the thickness of the Coralline Crag as exceeding 
sixty feet." 

Messrs. Wood and Harmer object to Professor Prestwich's 
division of the lowest portion, the shelly sands, into constant and 
determinable horizons, characterized by special groups of fossils, 
and remark that " the author of the ' Crag MoUusca ' in his long 
researches has mainly confined himself to one pit at Sutton, afEord- 
ing a vertical range of but a very few feet, and yet from this spot 
he has obtained specimens of nearly the whole known species of 
the Coralline Crag, many of these being known to coUectoi's as 
occurring only at the pits near Orford. Not only this, but so 
inconstant is the Molluscan facies at any one place, that many 
species which once occurred at this spot (and some of them 
abundantly) have not been noticed there for many years. An 
attempt under such circumstances to group these shelly beds in any 
order of Molluscan succession would thus evidently be illusory." 

Prof. Prestwich had estimated the depth of water under which 
this Crag was accumulated at " possibly from 500 to 1,000 feet ;" 
but S. V. Wood, sen., " considers that nothing among the forms 
of MoUusca yet obtained from the Crag, points to the existence of 
any greater depth of water for their habitat than 35 or 40 fathoms, 
so that, coupling the physical difficulties with the exigencies of 
the molluscan evidence, we may, we think, regard the depth of 
the Coralline Crag sea of Suffolk as under 300 or even 250 feet, 
rather than as approaching 1,000." 

In the same year (1872) Messrs. A. and R. Bell gave some 
additional details of certain of the Coralline Crag sections, and a 
long catalogue of the fossils from the " Lower Crag," as the 
Coralline Crag is named in their papers.* 

* Ou the Englisti Crags and the Stratigraphical Divisions indicated by their 
Invertebrate Fauna. Proc. Geol. Assoc, vol. ii. No. 5, p. 185. Supplement by 
A. Bell, No. 6, p. 270, and The Succession of the Crags. Geol. Mag., vol. is. p. 209. 
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S. V. Wood, sen., in his concludinji remarks at the end of the 
Supplement to the Crag MoUusca* (1874), criticises Jeffreys' 
identifications of many of the Coralline Crag species with recent, 
especially with arctic, forms, and maintains the accuracy of 
most of his own determinations. He observes that " it is obvious 
that this author's leanings are very marked, so as to group 
together allied Crag forms as varieties only of one species, and 
especially to make out a Crag shell to be either identical with a 
living species, or, at most, only a variety of it whenever the 
slightest presumption can be found for that course." Wood also 
points out that " another reason for not undervaluing even slight 
differences by which many of the Crag MoUusca are separable 
from their living analogues, and so reducing them to the inferior 
importance supposed to be possessed by the term ' variety,' exists 
in the discordance between the evidence presented by the Mol- 
luscan fauna when thus reduced, and that presented by the other 
organisms of the Crag period." He, therefore, is still of the 
opinion, held also by Forbes and Hanley, that the MoUuscan 
fauna of the Coralline Crag has its affinities chiefly with that of 
the Mediterranean. To this Monograph is added a Synoptical 
List of the Crag moUusca, in which is also given tiie geographical 
range of all the species which Wood recognizes as still living. 

In 1879 Wood published a second supplement to his Mono- 
graph, and in 1882, after his death, appeared the third supplement, 
edited by his son. To the third supplement S. V. Wood, jun., 
added some further notes on the physical conditions under which 
the Crag was deposited, and on the correlation with other deposits 
on the continent. 

During the years 1882-3 the maps of the Geological Surveyt 
appeared. These showed the boundaries of the formation more 
accurately than before ; but no fresh outliers had been discovered, 
though sunk rocks of Coralline Crag are noted as occurring off 
Thorpe and Sizewell, on the authority of Mr. C. P. Ogilvie. 

Mr. P. F. Kendall.t in 1883, drew attention to the fact that 
whilst the shells in a pit near Aldborough were, with one exception, 
of the kinds determined by Dr. Sorby to have their carbonate of 
lime in the calcite form, the many casts are, without exception, of 
the kinds in which the carbonate of lime is in the form of ara- 
gonite. Aragonite, though harder and of higher specific gravity 
than calcite, is a less stable substance, and is much more easily 
acted upon by carbonated water. He adds that " the consoli- 
dation of the Coralline Crag, and the dissolution of the aragonite 
shells, appears to have taken place previously to the deposition of 
the Red Crag, or at any rate of the middle pairt of it, as I have 
found a fragment of Coralline Crag with shells and casts in the 
coprolite diggings at Boy ton." 

During 1885 and 1886 were published the two Memoirs of 
the Geological Survey, in which Messrs. Whitaker and Dalton 



* Fdlceontographical Society. 

t Sheets 48 N.E. and N.W., 49 S.W., 50 S.E. 

t Geol. Mag., dec. ii., toI. x. p. 497. 
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described the whole of the Coralline Crag district.* Most of 
their notes will be found incorporated in this chapter. 

The Coralline Crag, though occupying so small an area, is a 
formation of considerable importance to the geologist, owing to 
its extremely varied fauna and exceptional lithological character ; 
it must, therefore, be described more fully than will be necessary 
with some of the other divisions of the Pliocene series. As the 
Geological Survey, however, has been able to add little to our 
knowledge of this bed, and as many of the older observers saw 
sections now invisible, and in many cases had pits dug so that 
^they might more thoroughly study the deposits, the following 
account of the sections in the Coralline Crag must be largely 
taken from the work of previous observers. Use therefore has 
been freely made of the published papers by Mr. Charlesworth, 
Lyell, Prof. Prestwich, and S. V. Wood, sen. and jun., especially 
where their notes refer to better sections than are now visible, 
but at the same 'time, that the student may not be led to search 
for pits long since overgrown, a note is added of the present state 
of the exposures. All the localities were re-examined by the 
writer of this Memoir in 1886 and 1889. 

Commencing at the northern extremity of the formation, the 
first indications of Coralline Crag are the sunk rocks oiF Sizewell 
and Thorpe. Two or three miles further south the Crag was 
formerly seen under the beach at Aldborough, but the sections 
are now sloped and built over, and this is the only place where 
the deposit has been found on the coast. 

Inland at Aldborough, near the Red House, there are pits on 
both sides of the high road. Another pit will be found about 
100 yards north of Aldborough Hall, and from this was obtained 
the very perfect crab {Cancer fagurus) now in the Museum of 
Practical Geology. Further west, on the north bank of the 
River Aide, opposite Stanny Point, the Coralline Crag forms a 
low clifE of loose brashy rock. The pits near Aldborough are 
not good places for collecting, as the aragonite fossils are usually 
only in the state of casts, though bryozoa are often particularly 
well preserved. Crustacea also would seem to be exceptionally 
perfect, for besides the crab already mentioned. Prof. Prestwich 
speaks of a beautiful specimen, found by Mr. Norman Evans, 
probably referable, according to Dr. H. Woodward, to Gonoplax 
angulata. Leach. Prof. Prestwich thinks that near Aldborough 
the upper division of the Coralline Crag is alone exposed ; all the 
pits are certainly in rubbly limestone of the same character, and 
the base of the deposit is nowhere reached. 

On the south side of the River Aide, these beds reappear at a 
somewhat higher level, so that the upper part of the lower divi- 
sion skirts the marsh. At Iken Brickfield, about half a mile 
west-north-west of Calton Farm, Prof. Prestwich recordedf thirty 

* Ipswich, Hadleigh, and Felixstow (1885), and Aldborough, Framlingham, Or- 
ford, and Woodbridge" (1886). 

■f Quart. Journ. Geol. Soc, vol. v. p. 347 (1849). 
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feet of Coralline Crag underlying the Ked Crag. Only about 
eight feet could, however, be seen in 1886. The beds belong to 
the upper division with casts of shells, but the only section being in 
the middle of the pit, where the newer deposits have been entirely 
removed, the junction with the Red Crag cannot at present be 
examined. Mr. Dalton speaks of the beds near Redland's Covert 
as consisting of firm stony Crag, a mass of shells and casts, false- 
bedded at top and bottom, but not in the intermediate beds. 
Among the shells Mytili largely predominate, forming here and 
there the entire ' mass of considerable slabs. Near the top are 
concretionary masses, and a few Bryozoa. Bands of tufa occupy 
crevices and bedding-planes of open texture. Other sections of , 
Coralline Crag will be found at Calton Farm, and at a " Crag 
Pit " (marked on the map) half a mile to the west. The latter 
shows 10 feet of false-bedded rubbly limestone fuU of Bryozoa and 
broken Echinoderms. 

The rock-bed is, or has been, quarried at several points along 
the base of the Red Crag to the east- north-east of Sudbourn 
Church ; the sections are of no great interest, but the exact 
position of each will be found indicated on the maps of the Geo- 
logical Survey. At the cross-roads, four-fifths of a mile north- 
north-east of Sudbourn Church, is a large pit showing twenty 
feet of false-bedded buflE" Bryoaoan sand or soft limestone. Whole 
shells are rare in this pit, and in the upper part of the section 
they are only found in the state of casts. The pit close to 
Sudbourn Church (on the west side) shows a very good section 
of soft Bryozoan limestone, with Fascicula.ria near the top. 

Following next the road from Sudbourn Church to the Hall, 
a large pit will be found, exactly opposite the Park gates, in the 
angle of the roads to Chillesford and Snape. It is now not often 
worked, but shows extensive vertical faces of soft rock on which 
perfect Bryozoa weather out. Pecten opercularis is an abundant 
shell here ; other moUusca are not plentiful. While examining 
this section, I found a piece of drift-wood — too much decayed for 
microscopic examination — and a large splinter of mammalian 
bone, probably Cetacean. 

In Sudbourn Park old overgrown pits will be seen on each 
side of the road to the Hall. Several of these have been 
described by previous writers, but as the sections are not now 
visible, and they did not show anything exceptional, it is needless 
to repeat the details. One pit in the Park is still open, the " Crag 
Pit," marked on the map, on the low ground north-west of the 
Hall. This is a large shallow pit in loose calcareous sand or 
marl, which is still extensively dug for making paths. Unlike 
the beds met with further north, the sand is fuU of well-preserved 
moUusca. Large and perfect specimens of Cardita senilis and 
Cyprina islandica, often with the valves united, are abundant, and 
many fine specimens of Terebratula grandis have been found, 
though this last species is nowhere plentiful. A box of the sand 
was taken by me to London for more minute examination, but 
the results were somewhat disappointing, for the minuter forms 
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of moUuBca were very scarce, though shells down to the size of 
the smaller species of Cardita and Astarte. occurred in large 
numbers. Scattered grains of glauconite were fairly numerous 
in the sand. Mr. Daltoii observes that in this pit the surfaces of 
the thin irregular bands of limestone are covered with delicate 
bryozoa, indicating probably the contemporaneous deposition and 
solidification of the stone. 

Following next the eastern margin of the Coralline Crag hill, 
the pit south of Ox House, above Sudbourn Marshes, is now 
used as a cattle yard. It shows vertical walls of soft false-bedded 
limestone, much overgrown by lichens. The rock-bed was also 
formerly quarried at Roydon Cottage and Roydon Hall Farm, 
but these pits have now been ploughed over. A large pit will 
be found close to Orford Castle, though here the rock-bed is 
reached beneath a considerable thickness of sand — probably Bed 
Crag — which slips and greatly obscures the section. South of 
Orford, in the stock-yard of Richmond Farm, there is a good section 
of false-bedded limestone, composed of comminuted shells ; the only 
perfect fossils observed were a few Anomias and a fish otolith. 

About half a mile further south, at High House and Low 
Farm, Gedgrave, there are three pits. The highest of these is in 
the rock-bed, but is now seldom worked. The middle one shows 
the base of the shell-limestone, seen at Richmond Farm, resting 
on an underlying shelly sand with perfect mollusca. The lowest 
pit is at the edge of the Marsh at Low Farm, and is worked down 
to the water-level. It shows false-bedded, white, cream-coloured, 
or buff calcareous sand, full of small shells and broken Bryozoa. 
The buif colour of the beds seems to be due to infiltration from 
above, for under inverted oyster-shells the sand is pure white. 
One or two phosphatic nodules were observed scattered through 
the Crag, but they are not abundant. This pit should be noted 
as probably the best now open, except that at Sutton, for the 
collection of the more minute shells, especially univalves. Small 
Scalaria and Rissoa of several species are plentiful ; among the 
bryozoa Salieornaria and Eschara monilifera are very abundant. 
The larger mollusca are here principally oysters and scallops. 

Between Gedgrave Marshes and Ferry Farm another pit has 
been opened in the same shelly beds, but the section is small 
and obscure. It shows four or five feet of false-bedded calcareous 
sand with thin bands of rubbly limestone. Small shells are 
abundant, including Cyprcea europaa and Odostomia. 

On the west side of the hill the two sections remaining to be 
described are perhaps the best known of any in the Coralline 
Crag. The most northerly of these is the " Broom Pit," near the 
Keeper's Lodge, and nearly a mile west of Orford. This pit is a 
good deal worked and. shows a clear vertical face of twenty feet, 
though none of the beds are hardened into limestone. S. V. Wood 
and S. P. Woodward both made, extensive collections here, and 
Prof. Prestwich described the section in his paper on the Coralline 
Crag.* The following sketch (Fig. 4) was made by me in 1886. 

* Quart. Journ, Geol. Sot., vol. xzvii. p. 122. (1871.) 
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Fie. 4. 

Broom Pit, near the Keeper's Lodge, Gedgrave. 

Scale, 20 feet = 1 inch. 




1. SoU. 

2. Calcareous sands and mbbly limestone, crowded with Bryozoa, 

especially large masses of Faseieula/ria. A few perfect small 
shells. 

3. Calcareous sands with scattered Fascicularia and other Uryozoa, and 

small shells. 

4. False-bedded calcareous sand, with brbkea shells, mostly at the baae. 

Perfect valves of Psammabia — high np, lower down Ca^dium 
decorticatum, Pecten operculars, P. Gera/rdi, Nueula nvjileus, &c. 

5. Similar sands; with a thin bed of hard marly limestone at the base. 

6. Shell beds. Large shells abundant, especially in the lower part. 

Gyprma island/ica, G. rustica, Thraoia, ParwpcBa, PeetuncuhtB, Pecten 
masdm/UB, &o. Cetacean vertebra at point marked + . (This is the 
bed from which most of the shells are obtained.) 

Prof. Preatwich considers that the lower strata here belong; 
to his zone d, while the upper ones represent the lower part of 
zone e. As an example of the fauna from a single locality it may 
be interesting to give the following list of the moUusca obtained 
by S. P. Woodward in 1863 from the Broom Pit. He remarked 
that bivalves were abundant ; univalves, except Turritella 
incrassata, comparatively scarce. 



Adeorbfs striatus. 
Buccinum undatum. 
Caecum mammillatum. 
Oalyptraea chinensis. 
Cyprsea europaea. 
Emarginula fissura. 
Fissnrella graeca. 
Margarita trochoidea. 
Natica proxima. 
Kissoa crassistriata. 
Scalaria clathratula. 

subulata. 

Turritella incrassata. 
Trochns formosus. 
— ziziphinns. 

Anomia ephippium. 

• r striata. 

Astarte Basteroti. 

Burtini. 

gracilis (A. Galeotti). 

— mutabilis. 
■ Omalii (abnndant). 



Broom Pit, Oedgrave. 

Cardita corbis. 

orbicularis. 

scalaris (abundant). 

senilis (abundant). 

Cardium decorticatum. 
- strigilliferum. 



Corbula nucleus (C. gibba). 

Crenella sericea. 

Cyprina islandica (abundant). 

rustica. 

Cytherea chione. 

— ; rudis. 

Diplodonta xotundata. 

Glycimeris angusta. 

Leda semistriata. 

Lima Loscombii. 

Limopsis aurita. 

Lucina borealis (abundant). 

; — crenulata. 

Lucinopsis Lajonkalrii. 
Mactra arcuata. 
Mya truncata. 
Mytilus hesperianus. 
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Nuoula nucleus. 

Ostrea edulis. 

Fanopsea Faujasii (abundant). 

Peoten Gerardi. 

maxim Qs. 

opercularis (abundant). 

pusio. 

tigrinus. 

Peotunculus glycimeris (abun- 
dant). 
Pinna pectinata. 
Psammobia ferroensis. 



Solen ensis. 
Tellina donacina. 

obliqna. 

Thracia inflata. 

ventricosa, 

Yenus casina (abundant). 

imbricata. 

ovata. 

Vertioordia cardiiformis. 

Lingula Dumortieri. 
Terebratula grandis (abundant). 



About three-quarters of a mile further south the Butley Eiver 
has cut into tlie Coralline Crag hill, so as to make a low cliff near 
Ferry Cottages. The section thus exposed is not good, though 
it shows shelly sands reaching to about 9 feet above the water- 
level. The well-known "Gomer Pit" lies in the field above, 
but the name does not appear in the 1-inch Ordnance Map. This 
pit is occasionally opened for the purpose of obtaining Coralline 
Crag fossils," which are perhaps here found more abundantly, 
better preserved, and of greater variety than in any other section 
of equal extenl. As the pit is only worked for the fossils, it is 
generally ploughed over in the summer time, and can very 
seldom be examined. The deposit consists of shelly sand, referred 
by Prof. Prestwich to his division d. Dr. S. P. Woodward, in 
1863, spent a good de.il of time here, and the following list of 
fossils then collected has been communicated, like the last, by his 
son, Mr. H. B. Woodward, who assisted him. The pit is described 
as very rich in species, univalves and bivalves. 



0<mer Pit, Gedgrave. 



Adeorbis pulohraliS. 

striatus. 

supra-nitidus. 

Aporrhais pes-pelicani. 
Bela concinnata. 
Bnooinum Dalei. 

undatum, var. 

Bulla oonuloidea. 

lignaria. 

Officum glabrum. 

mammillatum. 

Calyptrsea chinensis. 
Cancellaria mitrseformis. 

scalaroides. 

Cassidaria bicatenata. 
Cerithium adversum. 

granosum. 

mlineatum. 

• tuberoulare, var. 



Chemnitzia elegantissima. 
Cylichna cylindracea. 
Cypr»a europaea. 

retusa. 

Dentalium biflssum. 

costatum. 

Emarginula craasa. 



Emarginula fissura; 
Erato laavis. 

Maugeriss. 

Eulima subulata. 
Pusus alveolatus. 

consocialis. 

gracilis, var. propinqua. 

Lacuna reticulata. 
Mangelia caucellata. 

castanea. 

costata. 

miirula. 

perpulchra. 

Margarita ? maculata. 

trochoidea. 

Murex corallinus. 
Kassa consociata. ' 

— : granulata. 

labiosa. 

prismatica. 

Natica cirriformis. 

multipunctata. 

— — — proxima. 

varians. 

Odostomia plioata. 
truncatula P 
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Ovulum spelta ? 
Pileopsis ungariousi 
Pleurotoma porrecta. 
semicolon?. 



Pyramidella IseTiuscula. 
Rissoa confinis. 

obsoleta. 

Scalaria cancellata. 

clathratula. 

foliacea. 

frondicnla. 

subulata. 



■ vancosa. 

Terebia oanalis. 
• inversa. 



Triton heptagonam. 
Troohus Adansoni. 

granulatus. 

Kioksii. 

mille^anns. 

oboonicus. 

tricariniferus. 

villiouB P 

^ ziziphinnB. 

Trophon mnricatus. 
Tnrritella incrassata. 
Voluta Lamberti. 

Anemia ephippium. 

stnata. 

Area peotunouloides. 
Astarte Basteroti. 

Burtini. 

? digitaria. 

gracilis. 

mutabilis. 

Omalii. 

parva (A. Forbesii). 

■ parvula. 

triangularis. , rjg . 

Cardita corbis. 

orbicularis. 

scalaria. 

senilis. 

Cardinm decorticatum. 

nodosum. 

strigilliferum. 

Circe minima. 
Oorbula nucleus. 
Cryptodon sinuosum. 
Cyprina islandica. 

rnstica. 

Cytherea rudis. 
Diplodonta dilatata. 
rotundata. 



Donax politus. 
Eryoinella oralis. 
G-astrana laminosa. 
Grlycimeris angusta. 
Kellia ambigua. 
Leda'pygmKa. 
Lima exiUs. 

subaurioulata. 

Limopsis aurita (rare). 

pygmffla. 

Luoina borealis. 
Lutraria elliptica. 
Maotra obtrunoata. 

triangulata. 

Modiola marmorata. 

phaseolina. 

Montacuta bidentata. 

ferruginosa. 

substriata. 

truncata. 

Nucinella miliaris. 
Nucula lasvigata, var. 

nucleus. 

tennis P 

Ostrea edulis. 
Pecten Gerardi. 



mazimus. 

opercularis. 

-^ pusio, Tar. striata. 

similis. 

tigrinus. 

Peotunoulus glycimeris. 
Pholadomya hesterna (?). 
Pinna peotinata. 
SaxicavaP carinata, 
Solen enpis. 
Syriaosmya prismatica. 
Tellina donacina. 

obliqua. 

Thracia inflata, 

phageolina. 

Venus casina. 

imbricata. 

ovata. 

Terebratula grandis. 

Oellepora edax. 
Gupidaria porosa. 
Homera infundibnlata. 

Balanus bisulcatus (common on 

Lucina and Pecten G-erardi). 
Balanus concavus (retaining colour). 

Ditmpa subulata. 



This completes the description of the main mass of the 
Coralline Crag, but on the west side of the Butley River there 
is perhaps a foot or two of the basement-beds under Boyton 
Marshes, where it is worked for phosphate. These sections have 
already been spoken of in the last chapter. It now only remains 
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to allude to the few small scattered outliers which form the whole 
of the rest of the Coi'alline Crag, but altogether do not occupy so 
much as a single square mile. 

South-west of Boytou a wide plateau of newer deposits may 
possibly conceal extensive outliers of Coralline Crag, though none 
have yet been met with ; there appear to be no wells sunk to a 
sufficient depth to reach them il' they exist there. Following 
the edge of the plateau, where the London Clay outcrops, no 
trace of Coralline Crag has been found except at Sutton and 
Ramsholt, close to the Eiver Debeii. These two outliers lie close 
together, one on each side of Shottisham Creek, at the point 
where it joins the Deben. They, not improbably, are remains of 
one outlier, which has been cut in half by the Creek in compara- 
tively recent times. 

The small outlier at Ramsholt was (brinerly to be seen in the 
low cliff overlooking the river three-quarters of a mile north- 
west of Ramsholt Church, but the section is now hidden by talus 
and overgrown. Mr. Charlesworth states that the Coralline 
Crag was 7 feet thick and was overlain by 4 feet of Red Crag,* 
but there seems to be no other published account of the section, 
though it has long been celebrated for the beauty of its fossils. 
Sowerby, about the year 1820, figured from this deposit, then 
newly-discovered, shells which had been sent to him by the 
Rev. G. R. Leathes, and a number were also described in Wood's 
Monograph of the Crag MoUusca. Prof. Prestwich says that 
" many species were more abundant at Ramsholt than in any 
other locality, and were generally in a very fine state of pre- 
servation — the bivalves often with both valves. Among the 
commoner species were Cardita senilis, Cyprina islandica, Pecten 
maximus, P. opercularis, Panopaa Faujasii, Astarte Burtini, 
A. yracilis, Trochus ziziphinus, T, conulus, and the large Balanus 
concavus. The latter occurredin hundreds."t 

The Sutton outlier, on rising ground south of Pettistree Hall, 
is only about a third of a mile across, but having been the 
principal place from which S. V. Wood made his magnificent col- 
lection, and being fully described and illustrated by Prof. Prestwich, 
it has become one of the best known localities in the Crag district. 
The pits are not now worked, and though good sections of the 
Coralline Crag and its junction with the Red Crag are still to be 
seen, it will be necessary to refer to Prof Prestwich's paper for a 
full account of the deposit. 

The Sutton quarries novv open are two — one (F on Prestwich's 
map and sections) lies about 120 yards west-north-west of the 
Bullock-yard, and is close to the summit of the hill — the other 
( D of Prof. Prestwich) is the Bullock-yard Pit, on the east side 
of the hill, at a somewhat lower level. There was formerly 
another pit towards the south-western end of the outlier ; but this 

* Phil. Mag., ser. 3, vol. vii. p. 84. (1835.) 

f Quart. Journ. Geol. Soc, vol. xxvii. p. 118. (1871.) 
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was only opened to obtain phosphate, and as it did not prove 
remunerative, it was ploughed over. The following description 
of it is condensed from Prof. Prestwich's account.* 

Commencing with the highest beds, in the old quarry on the 
top of the hill, we again meet with the rock-bed, seen at Orford 
and Sudboum, but absent at Ramsholt. The section is as 
followst : — 

Feet. 
Surface soil -.....- — 

g. Dark ferruginous beds of Bryozoa, mostly in fragmentR,~l 

some entire, with a few shells in the same state. White I -. i 
soft calcareous veins descend through these beds from , 
the top - ■ - - - - - -J 

/. Fine sand and grit, comminuted shells, numerous small "l g 
perfect shells, and some Bryozoa - - - -J 

e. Uniform fine oompaofc sand, with small shells and Bryozoa"! . 
in the position of growth - - - ■ J 

21 



The Bullock-yard Pit at Sutton is the one from which Wood 
collected so largely, and from which he obtained nearly every 
species of mollusc known from the Coralline Crag. Here the 
Coralline Crag, cut to a vertical cliff, against which the Hed 
Crag abuts, is still well exposed. Its upper part shows sand 
full of comminuted shells (referred by Prof. Prestwlch to the 
base of his division/) ; the lower part (Prof. Prestwich's bed e) 
consists of calcareous sand with upright Bryozoa and abundance 
of small perfect shells. A few Lutraria in the position of life 
were seen, but most of the other shells were single valves ; 
though unworn a large number were angularly broken — perhaps 
by skates or cat-fish. Phosphatic nodules are scattered through- 
out, though not abundantly. According to Prof. Prestwich the 
London Clay was found in this pit 20 feet above high tide of the 
river Deben, but the junction is not now visible. 

The third section of the Coralline Crag was an old pit, opened 
to obtain phosphate, towards the south-west end of the Coralline 
Crag outlier. It is now filled up, but Prof. Prestwich describes 
it as follows : — 

Feet. 
Surface soil ----... i 

d. White marly sands with seams of Oyprina - . . n 

c. Ditto with Mya and Bryozoa in lower part, and Cardita, Astarte, [ 17 

Anomia, and Venus common in upper part - - J 

h. Bed of comminuted shells, with single valves of Oyprina, \ 

Pecten, Oellmora cmspitosa, &c. - . ' -/ 

a. Bed of phosphatic nodules, with mammalian and cetacean \ 

remains, and foreign boulders - - - . j •*■ 

London Clay. 



»■ The tone-bed has been described in the last Chapter ; the eroded surface of 
Coralline Crag under the Bed Crag will be described in Chapter VI. 
t Quart. Journ. Geol, Soc, vol. xxvii. p. 119. (1871.) 
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At this spot the surface of the London Clay lies only 8 feet 
above the level of the Deben, and Prof. Prestwich considers that 
a lower zone of Coralline Crag exists here than is represented in 
the Bullock-yard Pit. 

On the opposite side of the river Deben, at the large coprolite- 
working north-east of Waldringfield Church, Mr, Stollery, the 
foreman, told Mr. Whitaker that, in places, some 6 inches of 
Coralline Crag had been got beneath the nodule bed of the Red 
Crag. 

At Trimley, about five miles south-south-west of the Sutton 
outlier, as already mentioned, Coralline Crag is said to have been 
observed in the digging of a ditch.* The exact locality is not 
mentioned, and no trace of an outlier was observed during the 
progress of the Geological Survey of the district. Altogether 
the evidence seems insufficient to prove the occurrence of 
Coralline Crag here, and the bed may possibly be merely a 
light-coloured unoxidized portion of the Red Crag, or even a 
derivative boulder from the older deposit. 

The only outlier of Coralline Crag that remains to be described 
is found at Tattingstone Hall, 4| miles south-south-west from 
Ipswich and nearly 10 miles from the nearest of the other sections ; 
but the pits opened in it are now overgrown. Mr. Oharlesworth,t 
in 1835, speaks of the Coralline Crag as exposed for about 
YO yards. Its thickness was 6 feet, and in attempting to dig 
through it work was stopped by the appearance of water at the 
further depth of 2 feet. Lyell,t writing in 1839, says that he 
" caused a pit about 7 feet deep to be sunk in the yard at Tatting- 
stone Hall Farm, piercing the lowest part there exposed of the 
Coralline Crag, through green marls, with intervening layers of 
flaggy limestone, two or three inches thick; At the bottom of 
this pit I found marl of the same character, containing a large 
Nucula, Venus ovata, and some other shells ; when the workmen 
were stopped by the quantity of water which flowed in. One of 
the flaggy beds of limestone was almost of a brick-red colour, and 
consisted chiefly of comminuted shells, like the green marl." 
Mr. Whitaker § saw the Coralline Crag in 1877, and describes it 
as " evenly bedded, firm, made up of finely broken shells, mostly 
buff, hardened into stony lumps in discontinuous layers ; about 
5 feet, but has been deeper." He also speaks of the outcrop as 
" little more than a quarter of a mile along the bottom of the valley 
from north to south, and only an eighth of a mile wide at most. 
It is bounded westward by the narrow alluvium, on the other side 
of which London Clay crops out, and elsewhere by Red Crag, 
which comes on above, and the underground extent of the older 
Crag is probably small." Prof. Prestvvich's illustration of the 

=' Ann. Nat. Hist., ser. 3, vol. xiii.p. 203. 1864. The observation was, I believe, 
inserted by S. V. Wood, jun., on the authority of Mr. Acton, 
t Phil. Mag., ser. 3, vol. vii. p. 84. (1835.) 
j Mag. Nat. Hist., ser. 2, vol, iii. pp. 314, 315. (1839.) 
§ Ipswich, Hadleigh, and ]?elixstow(ilfemo!Vs of the Geol. Survey"), p. 27. (1885.) 
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buried cliff of Coralline Crag at Tattingstone will be found in 
the Chapter on the Red Crag (p. 89). 

This completes the description of tlic sections which have been 
or are now visible of the Coralline Crag. It will be seen that the 
deposit consists essentially of calcareous sand, mainly composed of 
shells or Bryozoa ; the upper portion having been cemented into 
soft limestone of similar origin, but having the aragouite fossils 
dissolved and the carbonate of lime re-deposited in the form of a 
cement, or as streaks of tufa. A few thin seams of marl, pale- 
green when wet but drying nearly white, have been found, but 
most of the so-called marl is merely wet calcareous sand. When 
a portion of the Coralline Crag is treated with acid, the calcareous 
constituents are entirely dissolved, and a small but variable residue 
is left composed of fine siliceous sand full of grains of glauconite, 
exactly like the Diestian sands of Antwerp. 

A few phosphatic nodules, unlike those of the bone-beds and 
apparently formed in place, occur scattered through the Coralline 
Crag. Otherwise the lower portion seems to be in the condition 
in which it was laid down oii the floor of the sea as a loose sand, 
or as a soft rock sutficiently consolidated to support branching 
Bryozoa and Corals. The contemporaneous consolidation of the 
sea-bed does not appear to take place in our latitudes ai the. pre- 
sent day ; but in warmer seas it is common, and on the shores of 
the Gulf of Lyons I have picked up slabs of sub-littoral sands 
which had evidently consolidated quite recently in shallow water, 
and had been torn up by some storm. 

The whole of the Coralline Crag is more or less curient-bedded, 
sometimes at high angles, such as may be seen in an ordinary 
sandstone, sometimes in flowing curves. I have been unable to 
recognize in Prof. Prestwich's division e a single stratum un- 
affected by this current-bedding, for at Broom Hill — one of the 
two localities given for this horizon — the sketch (Fig. 4, p. 30) 
shows this structure distinctly throughout. I therefore spent 
a good deal of time in getting the exact inclination of the current- 
bedding in the Broom Hill Pit, for if this stratum had been laid 
down at a depth beyond the reach of currents, it would betoken 
deeper water than any other part of the formation ; all the rest 
of the Coralline Crag is unmistakably false-bedded. The otiier 
locality where Prof. Prestwich considers horizontally stratified 
Crag to be present is at Sutton ; but here, though the currents 
seem to have been gentle, it is interesting to note how constantly 
the straight cylindrical branches of Salicornaria have been rolled 
and waterworn. The rolled condition of small cylindrical Bryozoa 
and the unworn state of the ramose or heavier forms affords a 
good indication of tlie strength of the marine current, for it shows 
that the force must have been sufficient to move the smaller 
particles or sand, except where these happened to be immediately 
cemented by carbonate of lime, or bound together by organic 
growth. This contemporaneous binding together of the particles 
is, I l)elieve, the cause of. the occasional local absence of current- 
bedding and of the undisturbed state of the fossils — the currents 
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were there, but the Bryozoa had grown on a firm base and could 
not be detached. The evidence of the Bryozoa themselves is 
found to point in the same direction ; for an abundant Bryozoan 
fauna, such as we find in the Coralline Crag, can only flourish in 
strong currents, and where the water is clear. 

The fauna of the Coralline Crag is so rich as to afford abundant 
evidence for deciding under what conditions the beds were formed, 
and for making a comparison with other deposits. One pecu- 
liarity of the deposit, however, must not be lost sight of; calca- 
reous strata of this character are exceptional among the European 
Pliocene groups, and ii is not easy to find anything closely similar 
in the present seas of Europe. Such unusual conditions of deposit 
as those in which these calcareous formations were accumulated 
must, of course, encourage the growth of certain forms of life, but 
act jnimically on others, and it is necessary to make allowance for 
this effect when we compare the fauna of the Coralline Crag with 
the fauna of strata of the Diestian type, or with that of the 
clayey deposits of St. Erth. 

Taking the different classes of fossils in the order of their 
relative importance in the formation, the first place must be given 
to the Mollusca, though in many parts of the Coralline Crag 
Bryozoa are at least equally abundant. The number of species of 
moUusca recognised by Wood as belonging to the Coralline Crag 
amounted in 1882 to 420, of which he considered that 251, or 
60 per cent., are still living. Jeffreys, on the other hand, in 1871 
made the total 316, of -which 84 per cent, belong to recent forms. 
Even if we leave out of account the rare extinct species described 
by Wood after Jefireys published his criticisms, the discrepancy 
is still nearly as great, though both workers were using practi- 
cally the same material — the Wood collection in tlie British 
Museum. This extraordinary difference is doubtless due, on the 
one hand, to the tendency of Jeffreys to refer characteristic fossil 
forms to living species, and on the other hand, to Wood's habit 
of considering any well-marked and constant variation in a Crag 
fossil from its nearest living allies to be sufiicieDt to constitute it 
a new species. It is the old question — What is a species ? — for 
there is seldom any discrepancy between these two authors as to 
the close alliance of the recent and fossil mollu«ca identified by 
the one but kept apart by the other. 

The discordance in the percentage of extinct forms in the 
Coralline Crag when the mollusca are examined by different 
conchologists, shows to what an extent the " personal equation " 
comes into play, and how dangerous is the use of the per-centage 
test for correlating different deposits, unless where all the fossils 
have been determined by the same person. 

In preparing this Memoir, and especially while studying the 
unknown fauna of Lenham, it has been necessary to make use of a 
number of monographs on French, Belgian, German, and Italian 
Pliocene mollusca, and it has seemed to the present writer that, 
comparing these monographs with the work of Wood, there is an 
equal or even greater terdency in most of the authors to accept 
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small differences as of specific value. Of course if this is the 
case, it would only cause confusion to treat the English Pliocene 
mollusca in a way that none of the continental paleontologists 
seem inclined to adopt for their Pliocene faunas. Any such 
revision would render it even more difficult than at present to 
compare the deposits, and the change would lead to no useful 
result. The " Crag Mollusca " has therefore here been adopted 
as the standard authority, and Wood's determinations have only 
been departed from in cases where there is a general concurrence 
of opinion against him, or where further evidence has shown that 
errors have been made. 

It has long been known that a large proportion of the Coralline 
Crag mollusca are of Mediterranean or southern type, and Wood 
in 1874 analysed the list thus : — 

British and not Mediterranean - - 20 

British and Mediterranean - - 154 

Mediterranean and not British 51 

Neither British nor Mediterranean 24 

Not known living _ _ - 142 

Total - - 391 

A considerable proportion of the extinct forms, and also of the 
living species that are neither British nor Mediterranean, are 
allied to southern molluscs (see Plates II, and III.) or are found 
in Miocene beds. One species only, according to "Wood, is 
exclusively Arctic, and in this case he considers the determination 
somewhat doubtful. Jeffreys considers that several more of the 
Coralline Crag shells are Arctic. 

However, we may put on one side these critical species, for it 
is evident that a study of the general character of the fauna will 
yield more satisfactory results. The statistical method also leads 
to the absurd position that a certain number of critical species, 
which according to the authority we follow, may be northern, 
southern, or extinct, are considered of equal value with a like 
number of southern species, belonging often to genera now 
unrepresented in northern seas. Among the genera which give 
such a southern character to the Coralline Crag fauna are large 
showy species of Valuta, Cassidaria, Cassis, Ficula, Hinnites, 
Chama, Cardita, and Pholadomya. Equally characteristic are 
the smaller Ovula, Mitra, Triton, Vermetus, Ringicula, Verti- 
cordia, Coralliophaga, and Solecurtus. These do not all belong to 
recent species, but even when the species is extinct, it can 
generally be found in south European Miocene or Pliocene beds, 
associated with a fauna still more southern than that of the 
Coralline Crag. Wood has also pointed out that "the most 
abundant and therefore most characteristic species of the Coralline 
Crag, such as Cardita cordis, Cardita senilis, Limopsis pygmcBa, 
Ringicula huccinea, and others, are southern species unknown to 
British seas, and that among the 154 Coralline Crag species 
occurring both in British and Mediterranean waters there are many 
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which are really characteristic Mediterranean shell?, and are only 
marked as British in consequence of some rare occurrence." 

The MoUusca are such as flourish in the lower part of the 
laininarian and the upper part of the coralline zone. A small 
number of deep-water or littoral species are found, but individually 
they are not abundant, and they are also quite insufficient at any 
one spot to modify our impression of the general shoal-water 
character of the fauna. The average depth at which the living 
species of Coralline Orag Mollusca now flourish, if we take only 
those of which the identification is not in dispute, is about 45 or 
50 fathoms, and we may safely calculate the depth at which this 
deposit was laid down to have been somewhere between 40 and 
60 fathoms. A greater depth would not have produced the 
abundant Rissoce, a less depth would encourage a larger propor- 
tion of littoral and plant-eating species. 

Next in importance to the Mollusca come the Bryozoa, which 
occur in such profusion as seems to be quite unequalled in any 
other deposit in Britain, or probably in Europe. Busk described 
118 species, of which 76, or about 64 per cent, appear to be 
extinct. Among the extinct forms are the peculiar genera 
Alveolaria and Fascicularia (Fig. 3, p. 20), large massive bryozoa, 
characteristic of European Pliocene and Miocene deposits, and 
unlike anything now living. The living species among the 
Coralline Crag bryozoa have principally a southern distribution ; 
a few are exclusively southern. But the species in this class have 
generally such a wide range, both .horizontally and vertically, that 
they cannot be said to point to any very definite conclusions as to 
climatic conditions, or as to depth of water. The average depth 
from which the living Coralline Crag forms have been dredged 
appears to be about 65 fathoms, but a large proportion of them 
range from low-water mark to 160 fathoms. The essential con- 
ditions for bryozoa seem to be clear water and fairly strong 
currents. Depth or temperature are apparently of less importance, 
and may vary considerably without much affecting the character 
of the bryozoan fauna. 

True Corals are only represented by three species, all of which 

Fie. 5. 

Flabellum Woodii, E. & H. 

Natural sine. 




Milne-Edwards considered to be extinct. Two of them, Spheno- 
trochus intermedius and Flabellum Woodii (Fig. 5), are solitary 
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forms, belonging to southern genera; the third, Cryptangia Woodii, 
is a branching form always encrusted with Cellepora. ''''"» 



The 



S. Vi'ood. 

Natural size. 




Flabellitm is rare, the others are fairly abundant. 

The Echinodermata amount to about 16 species, only three of 

which are still living. The genera point to warm seas, but 

SiG. 6. nothing more definite can be said about 

Temnechinus excavatus, them. Temnechinus excavatus (Fig. 6), 

Amphidetijs (spines), and a species of 

Brissus are common ; all the others are 

rare. This class is also represented in 

the Coralline Crag by three species of 

Comatula. 

The Hydrozoa are peculiar and abun- 
dant, though only belonging to two 
species of Hydractinia. H. circumves- 
tiens will be constantly met with, and is 
very likely to be mistaken for a Cellepora. 
It overgrows spiral univalves, genei-ally 
Trophon alveolatus (see Fig. 7). Cellepora edax, on the other 
hand, usually incrusts small shells, Fi&. 7. 

especially Natica and Turritelln. It Hydractinia circumvestiens, 
gradually eats away the shell, so that g. Wood, 

in most specimens the walls have Natural size. 

entirely disappeared, and what is 
found is a mass of Cellepora, vnth a 
spiral cavity retaining the impress of 
the external shape of its host. 

Of Cirripedes, Darwin described 10 
species, 4 of them extinct. The most 
conspicuous is the Balanus tintinabu- 
lum, a large species of barnacle, which 
often occurs in clusters of consider- 
able size. It and the other living 
forms belong principally to warmer 
seas than ours. The rest of the Crus- 
tacea call for little remark. Prof. 
T. E. Jones records 19 species of 
Entomostraca, mostly belonging to the genus Cythere, and all 
except one are extinct. Few of the higher Crustacea of the 
period are known, but Prof Prestwich mentions six species 
determined by Dr. H. Woodward ; they are living forms. 

Scattered bones and teeth of fish are often met with, the most 
abundant remains being gadoid otoliths. Teeth or dermal spines 
of the Skate and Wolf Fish occur, and the broken state in which 
so many of the mollusca are found, is probably largely due to the 
presence of these shell-eating fish, An extinct species of Tunny 
{Thynnus scaldiensis) has also been found. 

Only one Bird has yet been recorded, but this is the ocean- 
loving albatross. Contemporaneous Mammals are represented by 
one of the larger Dolphins, for though land species occur in the 
nodule bed, none have yet been found higher up, away from the 




CORALLINE CRAG. 41 

mixture of derivative fossils. Two or three drifted land shells 
are the sole evidence of the proximity of land. 

The nature of the deposits and the character of the fauna both 
point to the Cora.lline Crag as having originated as a sandbank far 
from shore in a warm, moderately shallow sea. It is very difficult 
to match it exactly at the present day ; none of our English 
dredgings correspond very closely. Mediterranean dredgings are 
often more similar, though I have been unable to find any records 
of a Bryozoan deposit such as this. The conditions seem more 
like those we find among the Azores or off the coast of Portugal, 
where the current of the Gulf Stream and the Atlantic waves 
must keep the clear warm water in constant movement to a con- 
siderable depth, and so encourage the growth of Bryozoa. Off 
Portugal, however, the water deepens rapidly, and there is no 
wide submarine plateau, such as seems to have existed during 
the Older Pliocene period in our latitudes, owing to the sub- 
mergence of a considerable part of the continental area. 
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CHAPTEE IV. 
LENHAM BEDS (DIESTIAN). 

Besides the calcareous rocks described in the last chapter we 
have other representatives of the Older Pliocene, series, con-e- 
spouding in lithological character with those found on the opposite 
side of the North Sea, especially around Antwerp and Diest. 
These Deposits of " Diestian " type consist of fine glauconitic 
greensands, which are often changed, by the oxidation of their 
glauconite, into rusty sands, or become compacted into masses of 
ironstone. The sands are poorly represented in this country, but 
are of great interest ; for they point to different conditions from 
those indicated by the Coralline Crag, and yield a somewhat diffe- 
rent fauna from that contained in the latter deposit. Sands of 
this type are confined to the county of Kent. About nine miles 
east of Maidstone, at the foot of the North Downs, lies the 
village of Lenhara. Behind the village the Down rises rapidly to 
a height of over 600 feet, and forms a long escarpment ranging 
in the one direction to Maidstonp, in the other to Folkestone. 
It is on the edge of this escarpment that the sands and fossili- 
ferous ironstone now to be described are found. 

The first discovery of the outliers at Lenham seems to have 
been made in 1854 by Prof. T. R. Jones and William Harris, who 
spoke of them as belonging to the '' baaement-bed " [of the 
London Clay]. However, a series of the specimens was sent to 
Prof. Prestwich, whose " first impression was rather in favour of 
such a conclusion. Still there were some fossils which did not 
belong to that period — there were Lunulites, a large Terebratula, 
a species of Emarginula, and some peculiar spines of Echini, 
such as I had never met with in our Lower Tertiary strata," 

Prof. Prestwich was able to visit the sections himself in the 
following year, and was so struck with the resemblance of some 
of the fossils to Crag species that he asked Searles Wood to 
examine them. 

Wood, though he inclined to the view that the deposit was of 
the age of the Coralline Crag, spoke with great caution, owing 
to the bad preservation of the specimens, and to the impossibility 
of satisfactorily determining any of them. He observed that " In 
the present case, I am afraid the most that can be said is, that 
there is a stronger resemblance in these fossils to the shells of the 
Crag than to those of any other formation, and what may also 
perhaps assist in the assignment is the apparent absence of any 
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decided species exclusively belonging to the Older Tertiaries." 
Further on he remarked that " still, if it be asked whether a 
perfect reliance can be placed upon any specimens as truly 
characteristic of the Crag period, I fear an answer mast be given 
in the negative, although the general aspect of the fossils is 
certainly favourable to the assumption that they belonged to 
the Upper rather than to the Lower Tertiaries." And com- 
menting on the list he added, " The accompanying list contains 
the names of those species to which they bear a very close re- 
semblance. I give them as approximations only ; and, although 
there is not one which without a doubt could be satisfactorily 
determined, I still think that, taken collectively, they are such as 
to justify a probable assignment to one of the Crag periods, and 
they appear to have been inhabitants principally of the Coralline 
zone." 

Prof. Prestwich, commenting on Wood's note, speaks much 
more decidedly, for he writes : " I must confess to hold a stronger 
opinion on the subject than Mr. Wood, for there are collateral 
circumstances which greatly strengthen my belief of these beds 
belonging to the Crag, little as I was prepared to meet with the 
Crag at such an elevation and such a distance from the main 
mass. In the first place, I know of no Eocene strata in the 
London Tertiary area quite like this deposit in its lithological 

structure And fourthly, because I find similar 

beds on the chalk-downs on the opposite side of the Channel, 
between Calais and Boulogne ; and thence, passing across the 
plain of French Flanders, we again meet with analogous strata, — 
though more important and with more ironstone, — on the top of 
Cassell Hill, 515 feet above the sea, and overlying the Calcaire 
grassier series."* 

Owing to the unsatisfactory state of preservation of the specimens, 
and perhaps also to an accidental mixture of Eocene fossils from 
another locality, this discovery was afterwards generally discre- 
dited or ignored. Prof. Prestwich himself has, however, always 
maintained its accuracy, and several foreign geologists have 
supported him. 

Lyell in 1865t treated the Lenham ironstones as a continuation 
of the similar sands at Diest, and classed them doubtfully as Upper 
Miocene; but in 1866, according to Mr. Whitaker, he had given 
up this view, and the deposits are entirely ignored in subsequent 
editions of his works. 

In 1862 Mr. Whitaker was inclined to refer the sands to the 
CragjJ but in 1866,§ and 1872,|j he thinks rather that they mai/ 

* Prestwich. On the Age of some Sands and Iron-Sandstones on the North 
Downs. With a Note on the Fossils; hy S. V. Wood. Quart. Journ. Geol. Soc, 
Tol. xiv. pp. 322-335. (1858.) 

f Elements of Geology, 6th Edit. pp. 223, 368. 

J Quart. Journ. Geol. Soc, vol. xviii. p. 273. 

§ Ibid., vol. xxii. pp. 430-433. 

{{ The Geology of the Iiondon Basin (^Memoirs of the Geological Survey), pp. 336- 
342, 601. 
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be referred to the Lower London Tertiaries. Mr. Bristow also 
was disposed to class the beds as Eocene.* 

Prof. A. Von Koenen, after an examination of the specimens in 
the collections of Prof Prestwich and of the Geological Survey, was 
of opinion that the fossils were of Pliocene age,t i" which view 
he seems to liave been supported by S. P. Woodward. 

Messrs. Cogels and Van Brtborn, who have made a special study 
of the Antwerp Orag, in 1882 expressed the opinion that the 
Lenham ironstone was of Diestian age.J At that time I did 
not feel prepared to agree with them, having only been able to 
examine badly preserved fossils, and having also found in the 
Survey collection a piece of ironstone containing undoubted 
Eocene species. How it happened that this Eocene ironstone 
came to be mixed with the material from Lenham I am unable 
to learn, but apparently it has been placed in the same tray to 
show the lithological resemblance of the two beds, and not being 
labelled, has afterwards been taken to belong to the same series. 
Subsequent research at Lenham has not yielded a single Eocene 
fossil. 

As the age of the deposits still seemed very uncertain, it was 
necessary for the purpose of this Memoir to re-examine the iron- 
stones capping the Downs between Folkestone and Maidstone. 
The I'esult of this examination was thoroughly to confirm Prof. 
Prestwich's view of the PKocene age of .the beds near Lenham ;§ 
but it does not necessarily follow that all the outliers similarly 
placed on the escarpment of tb.e Downs are of the same age. The 
undoubtedly Pliocene sands of Lenham and Harrtetsham will there- 
fore be described first. Afterwards the more doubtful deposits 
extending eastward and westward will be noticed. 



Fi&. 8. 
Chalk-pit at Lenham. 




* Quart. Journ. Geol. Soc, vol. xxii. p. 553. (1866.) 

t On the Belgian Tertiaries. Geol. Mag., vol. iv. p. 501. 

j Note sur lea sables ferrugineux des Bowns du Nord. 
Belg., vol. xvii. pp. 43-45. 

§ The Pliocene Deposits of North- Western Europe (C. Reid). Nature vol. 
xxxiv. p. 341. (1886.) 



(1867.) 
Bull. Soc. Malacolog . 
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The principal place where Pliocene fossils have been obtained 
is in a large Chalk pit half-a-mile north of Lenham. A sketch 
(Fig. 8) made in 1886 will explain better than words the mode 
of occurrence of the ironstone at this spot. In the distance 
clumps of fir occupy the crest of the escarpment at a height of 
about 630 feet. A few feet lower, and touching the 600-foot 
contour-line, is the edge of the pit, which has been cut out 
of the face of the escarpment, here not very steep. To the left 
the ground falls towards a small lateral valley, in which another 
chalk pit is sitnated. To the right the pit was much obscured by 
talus at the time of making this sketch, but it has since been again 
worked. 

The Down above the pit is occupied by extensive sheets of 
clay-with-flints, underneath which occur patches of sand, clay, 
and fossiliferous ironstone. Beneath this superficial covering the 
Chalk is undergoing a constant process of solution, especially near 
the escarpment, where the beds are somewhat fissured and the 
water-level lies a long way down. 

The result of this solution is to enlarge pre-existing fissures 
until they expand into more or less cylindrical pipes. Then as 
the Chalk disappears the overlying insoluble matter quietly 
subsides, often so regularly that the original succession of the beds 
can still be made out, though individual hard layers have been 
shattered and pulled apart. These "pipes" in the Chalk are 
well known to geologists, but as single pipes are seldom followed 
to any great depth it is perhaps scarcely realized to what a distance 
they may descend. Indeed the only limit to their denth seems 
to be at the plain of saturation, or at some impervious bed. 

Turning again to our Lenham pit we see here and there on the 
face of the Chalk vertical black cylinders of clay and sand. 
These cannot often be seen stretching from top to bottom of the 
pit, for a mass of loose material like this is far too dangerous to 
be left to support its own weight. They are therefore generally 
cleared away iu the upper part before they are broken into below. 
However, by watching one of these pipes for several successive 
years, or by talking with the quarrymen, one learns that every 
one of them continues upwards till cut off by the soil or by the 
clay-with-fl.ints, and continues downwards beneath the floor of 
the pit. 

In the foreground of the sketch are numerous black mounds. 
These are rehcs of pillars of cliiy left by the quarrying away of 
the Chalk around the pipes, these pipes being disturbed as little 
as possible, for the material filling them is quite valueless. The 
mounds used to form a conspicuous feature in tliis pit, and were 
especially noticeable when the sketch was made. Since that time 
they have been systematically pulled to pieces to obtain the masses 
of fossiliferous ironstone examined by the Geological Survey. 

The contents of these pipes generally consist of an external 
shiny slickensided layer of black clay coating the v/all of Chalk, 
and an internal confused mass of unworn flints, clay, and ferruginous 
or glauconitic sand, sometimes mixed with lumps of fossiliferous 
ironstone or ferruginous sandstone. * 
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With the large unworn flints we have at present nothing to do. 
As a rule they are only the insoluble residue left during the 
formation of the pipes, or let down from the superficial clay-with- 
flints. It is probable that a good deal of the clay also belongs to 
this category. 

Turning now to the sand and ferruginous sandstone, the material 
does not at first sight look very promising — to a superficial 
examination it is nothing but a rusty sand of somewhat finer 
grain than is usually found in the Drift. However, the sand in 
some of the pipes shows a greenish tinge, and if a number of the 
larger blocks of ironstone be broken up, one or two of them will 
probably yield traces of the material in something more nearly 
approaching to its original state. The sand is then loose and 
very glauconitic, though even in the least altered specimens it is 
still somewhat rusty and has been entirely decalcified. 

Returning to Lenham on a second visit, after studying the 
Pliocene beds at Antwerp, I was much struck with the simi- 
larity of the deposits. We find the same fine sand fiiU of 
glauconite,* and also the same tendency to oxidize into masses of 
ironstone with casts of fossils, like those which M. Van den Broeck 
had shown me near Diest. 

In the pit just described the depth to which the material has 
subsided through the pipes is so great — probably not less than 
80 feet — as quite to obliterate any trace of the order of succession. 
However, a certain number of the blocks of ironstone evidently 
belong to the bed that rested directly on the Chalk, for besides the 
Pliocene fossils they contain unworn flints and derivative frag- 
ments of Inoceramus and spines of Cidaris clavigera. Of 
derivative Eocene fossils not a trace has yet been observed, 
though the scattered pebbles of flint may possibly be a relic of 
one of the older pebble beds. Small pebbles of quartz are also 
occasionally found. 

This pit is not quite at the highest point on the Lenham Downs, 
though very near it. A search soon showed, however, that the 
same fossiliferous ironstones cap the highest part of the bill, for 
a cast of Terebratula grandis was found in a pipe in the road- 
cutting near Lee Farm, a quarter of a mile to the north-west. 
This was at a height of about 620 feet, 680 feet being the highest 
point within several miles. About 60 yards higher up the road 
bright red, or mottled loamy micaceous clay is exposed by the road- 
side, but it is thin and is immediately hidden by the clay -with-flints. 
Similar red clay is seen in the road north-north-west of Lee Farm 
at about the same level. 

Unfortunately there are so few pits away from the escarpment, 
and the dip slope is so obscured by clay-with-flints, that little 
can be said about the succession or nature of the deposits where 
undisturbed. 

A quarter of a mile west-north-west of Marlow Farm there is 
another exposure, placed a short distance down the escarpment 

* Glauconite is a silicate of ferric oxide, potash, and alumina, but varies mucli 
in composition and specific grayity, and is probably always mixed with impurities. 
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on the 600-foot contour. This is the pit described by Prof. 
Prestwicb, whose sketch (Fig. 9) has been borrowed, for the section 
is now too much overgrown to allow of a proper examination.* 
Prof. Prestwicb could only find a few traces of fossils at this 
locality, though he mentions the cast of a Gardium as having 
been found after his visit. I could only meet with a single 
indeterminable fragment. 

Pig. 9. 
Section on the Hill above Harrietsham, Kent, 
ahcde a deb a a h a a h c d e f e d cla 




f, e. Pine light-red and yellow sands, in parts very argillaceous. 

dr-b. Greenish sand, more or less argillaceous, with a subordinate bed or 

seam of ironstone concretions (c). In places c reposes directly on a. 
a. Unrolled chalk-flints in brown and black clay. m. Ohalk. 

In the above figure it will be seen that the subsidence of the 
beds into the pipes has not been sufficient to obliterate the original 
succession, and in a diagram section (Fig. 10) Prof, Prestwicb 

Pig. 10. 
Diagram-section of the Iron-sands in their original horizontal 

position. 

Wstf^^^gWwmA /. Yellow sands, passing down into 
e. Light red sand and clay. 

[Greenish and yellow sands, with a subordinate 
^^'w^.i:^-%ssal 0. I seam of ironstone, c, and some flint-pebbles. 

a. Chalk-flints in Clay. 
m. Chalk. 

replaces the layers in a horizontal position, so as to show the 
original order of the deposits. To this reconstruction no objection 
can be made, except that probably the bed of " Ohalk-flints in 
Clay " (a) ought' not to be placed underneath the undisturbed 
Pliocene Beds. It is evident that the solution of the mass of 
Ohalk which formerly occupied the two pipes shown in Fig. 9 
would leave a considerable mass of insoluble flints, together with 





* Figs 9 and 10 are borrowed, by permission of the Council of the Geological 
Society, from Quart. Journ. Geol. Soc, vol. xlv., pp. 326, 327. (1858.) 
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tbe finer particles of the clay which with every movement would 
tend to work their way downward to the base of the coarser bedsj 
where, arrested by the closer-grained Chalk, they would be, as it 
were, filtered out. The Lenham section also seems to show that 
the true basement bed of the Pliocene deposit is sandy, not clayey» 

Another old pit, due north of Harrielsham and a quarter of a 
mile north-west of Dean's Hill, shows two pipes with lumps of 
ironstone, some containing Hint pebbles others partially weathered 
glauconite. The ironstone is only sparingly fossiliferous. This 
pit is on the 500-foot contour, but the escarpment rises to 627 
feet within 200 yards, and it is evident that the ironstone must 
have travelled down the pipes from about that height. 

East of Lenham there occurs another Chalk pit, at about a 
mile from the village and close to the Pilgrim's Road. This pit, 
is at a height of about 550 feet. It shows pipes of red micaceous 
sand, with occasional fragments of fossiliferous ironstone. The 
sand contains a few grains of un weathered glauconite. Close to 
this pit is the highest point in the neighbourhood — 680 feet. 

Nearly 2 miles east-north-east of Lenham, in a chalk-hole now 
filled up, in the field west of Warren Street, Prof. Prestwich 
found the following small section remaining, of strata whicli are 
in situ : — 

Ft. In. 
Yellow sand ..... 

Mixed red clay and yellow sand 
Seam of, compact ironstone, with traces of fossils 
Layer of small flint-pebbles ... 
Brown sand and clay .... 

The height of this section is nearly 620 feet above the sea. 

Above the village of Charing the fossiliferous ironstones have 
again been met with, for Mr. Harris records (Jide Prof. Prestwich) 
that at the depth of 6 feet was " found a continuous stratum of 
fossiliferous iron-sandstone reposing on a bed of very large chalk- 
flints, externally stained with iron, and a few pieces of iron- 
sandstone. The sandstone was from 4 to 6 inches in thickness." 
This pit also appears to be about 620 feet above the sea. 

Tliis completes the record of the fossiliferous sections, and also 
of the sections where the beds are sufficiently well preserved to 
retain their original glauconitio character. The whole of these 
exposures occur on the edge of the escarpment above Harrietsham, 
Lenham, and Charing, in a distance of about 7 miles. 

Turning next to the similarly placed unfossiliferous outliers, it 
is at present impossible to say definitely whether they are of 
Pliocene or of Eocene age. The following notes nmst therefore 
be taken merely as describing such deposits as will probably, or 
may possibly, prove to be a continuation of the Diestian, not as 
now claiming them to be undoubted Pliocene strata. 

Westward towards Merstham and Guildford some of the 
outliers mapped l)y tlie Survey as Eocene may really be Pliocene, 
as suggested by Prof. Prestwich, but at present there is such an 
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entire absence of positive evidence in favour of this view, that 
it is needless to describe them.* 

Eastward one finds a long belt of outliers of ferruginous sands 
near the Chalk escarpment between the river Stour and 
Folkestone. These have been coloured by the Survey as Eocene, 
but they are widely separated from the undoubted Eocene of the 
London Basin. Their resemblance to the Lenham beds is so 
great, that now that the latter have been proved to be of Pliocene 
age, it will probably be necessary to follow Prof. Prestwich in 
referring them also to the Upper Tertiary series. At present, 
since only one or two indeterminable fossils have been found, 
we are obliged to confine ourselves to the stratigraphical and 
lithological evidence. 

One of the chief masses of these sands is at Paddlesworth, at a 
height of from 560 to 600 feet above the sea. These strata 
" there form a slightly detached hill, and consist of 30 to 40 feet 
of ochreous and ferruginous sands, more or less argillaceous, with 
subordinate fine quartzose grits and broken beds and seams of 
iron-sandstone, — some of these forming blocks of three to four 
feet wide by one foot thick, or even more. These blocks, which 
are common in and about the hamlet, sometimes contain flint- 
pebbles and unrolled flints. The fields in the neighbourhood are 
strewed over with fragments of ironstone, and in a few of these 
I found on one occasion pieces of fossil wood pierced by the 
Teredo, together with that which appeared to be the cast of a 
bivalve shell. Yet on the neighbouring shore at Folkestone, 
which is covered at places with blocks fallen from the top of the 
cliffs, and presenting therefore very favorable opportunities for 
examination, I have not found a single fossil. "f Mr. Topley who 
mapped these beds, found a cast of a large bivalve (Cyprina) in 
this neighbourhood. " At the northern end of the patch, between 
Mudshole and Uphill, west of Hawkinge," he " saw a pipe of 
red and yellow sand, about 4 feet thick, with an inch layer of 
white pipeclay. The red sand weathers pink. Another chalk- 
pit, just west, shows 4 or 5 feet of sand and iron sandstone with 
3 or 4 inches of white and mottled pipeclay, passing into mottled 
clayey sand. There are pieces of sandstone in this pit. "J 

On the Chalk ridge above Folkestone there is a large mass of 
sand, the irregular junction of which with the Chalk may be seen 
along the top of the high cliff, where there is much iron-sandstone. 
" The highest ground is near Upper Ooldham, and there the sand 
ends off with a marked feature and would seem to be 50 or 60 
feet thick. Sand and iron-sandstone may be well seen in the 
railway-cutting just east of the Folkestone tunnel, in the fallen 
masses of the Undercliff."§ 

* Full details will be found in Mr. Whitaker's Geology of the London Basin. 
(^Memoirs of the Geological Survey'), -vol. iv. pp. 339-342. (1872.) 

f Prestwich, op. cit. p. 324. 

J From Mr. Topley's notes in Geology of the London Basin (^Memoirs of the 
Geological Survey), p. 342. (1872.) 

§ From Mr. Topley's notes, op. cit. p. 342. 
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At Folkestone and Paddlesworth, where little or no trace of 
gkuconite occurs, and where the whole deposit seems much more 
•weathered than at Lenham, a few quartz pebbles may still be 
noticed, mixed with the flints towards the base of the sands. 'J?he 
■way in which the beds lie somewhat irregularly on the Chalk, 
and do not follow the dip slope towards the north, but are almost 
confined to the edge of the escarpment, is suggestive of a marked 
unconformity, though this cannot at present be proved from actual 
sections. 

On the further side of the Straits of Dover similar deposits 
cap the hills between Calais and Boulogne, generally at a height 
of from 400 to 500 feet. Inland they stretch eastward into 
Belgian Flanders, and form a continuous chain of outliers con- 
necting the fossiliferous beds of Lenham with those of Diest. 

In France no fossils have yet been found in these deposits, 
though on Cassel Hill, where they reach an elevation of 515 feet, 
they are of a very considerable thickness (about 45 feet) and have 
been carefully seai-ched. 

A few miles across the French frontier, in Belgian Flanders, 
M. Piret has lately discovered a cast of Terebratula grandis, at a 
place called Wevelghem, between Courtrai and Menin.* The 
specimen was not found in place, .but there seems no reason to 
believe that it had been transported far. 

Though palseontological evidence is not always forthct^ming, 
the strati graphical and lithological evidence of the former con- 
tinuity of the beds seems clear. The gaps between the outliers 
which connect Diest and Lenham are unimportant, the largest 
being that occupied by the Straits of Dover. There appears 
now to be no reasonable doubt that we are dealing with a vi^ide- 
spread sandy Diestian formation, which once covered great part 
of Holland, Belgium, northern France, and southern England, 
though denudation has since cut it into numerous outliers, often 
capping isolated hills, f 

Still tracing the beds eastward one finds that beyond Brussels 
the ferruginous sands begin to form larger masses, till finally they 
unite into a wide sheet stretching from Louvain to Antwerp, and 
northward into Holland. At the same time the deposits change 
in lithological character and become less weathered as they sink 
beneath the sea level. Except the above-mentioned Terebratula 
from Wevelghem the first occurrence of determinable Diestian 
fossils is at Everbergh, about 10 miles east of Brussels, and 
from this point there is no doubt as to the continuity of the 
deposits. 

In the summer of 1886 I had the great advantage of visiting 
the typical Diestian area in company with my friend Mr. Van den 
Broeck, who had recently mapped in detail great part of that 



* Note sur iin nouveau Gisement de la Terebratula grandis. . . par E. Van 
den Broeck. Mim. Soc. Beige Giol., \o\.i. '^. i^. (1887.) 

f A good map of the distribution of the Pliocene deposits in Belgium will be 
found in M. Van den Broeck'a paper. Op. cit. PI. II. 
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district. He drew my attention to the strong unconformity 
which separates the Diestian beds from any of the older deposits. 
This break was noticeable in the Bolderberg, where the Diestian, 
with casts of its characteristic shells, rests irregularly on fine 
Miocene sand with a line of pebbles and silicified fossils having 
a totally different character. This disturbance of all the beds 
up to and including the Miocene, and their great denudation before 
the deposition of the oldest Pliocene, is an important point, and 
will be again alluded to. 

When we leave the higher ground and descend towards the 
flat country near Antwerp, we find the beds to undergo a 
gradual change. In the neighbourhood of the city, wh6re they 
underlie the later " Scaldisian " deposits, they have become quite 
unweathered. Instead of appearing in the form of ferruginous 
sandstone, they consist of soft sand full of glauconite, and contain- 
ing abundance of well-preserved calcareous fossils. The difference 
in the lithological character of the deposits is so great, that it has 
only lately been clearly recognized that we are merely dealing 
with weathered and unweathered portions of the same bed. This 
has been principally proved by the researches of Messrs. Cogels, 
Van Ertborn, and Van den Broeck, who have shown that the 
casts found in the neighbourhood of Diest belong to the same 
species as the well-preserved shells found in Antwerp Docks. 

A study of the changes produced by weathering also led to the 
discovery that the line accepted by the older writers as the 
junction of the Scaldisian with the underlying Diestian at 
Antwerp was merely a line of colour. The real junction is 
marked by a band of pebbles, across which the supposed boundary 
between the " black crag " and the upper lighter- coloured division 
passes diagonally. On visiting the new Antwerp Docks in com- 
pany with Messrs. Cogels and Van Ertborn, I had the opportunity 
of examining the long sections there exposed. I found that 
these observers were undoubtedly right in their contention, and 
that in preparing lists of the faunas of the two deposits it becomes 
necessary to ignore the lists made before the true line of junction 
was recognized. In the older collections some of the Scaldisian 
species have probably been placed in the lower division ; while 
on the other hand some of the Diestian species have wrongly 
been included in the later fauna, owing to their occurrence in 
a light-coloured matrix. Lithologically the Diestian and the 
Scaldisian sands are almost identical, there being no sharp change, 
as there is from our calcareous Coralline Crag to the overlying 
coarsely quartzose Red Crag. 

Besides this cause of confusion, Miocene beds have been 
touched at the bottom of certain of the Docks at Antwerp. The 
Miocene shells have not always been clearly separated from the 
overlying Diestian, and it is possible that this mixture has helped 
to give rise to the belief in a passage between the Miocene and 
the Pliocene. In reality there appears to be nothing in Belgium 
appro iching to a " Mio-Pliocene " formation. As in England, 

n 2 
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there is a marked unconformity at the base of the Pliocene. In 
Belgium the most recent deposits found beneath the Pliocene are 
the Miocene beds known as Bolderian and Anversian.* 

We have now traced the sandy, or Diestian, type_ of Lower 
Pliocene from Kent through northern France to Belgium, but it 
still remains to compare the faunas of the different districts. 
This may fairly be done, for lithoiogically the beds are similar ; 
while the bathimetrical depths at which the shells lived seem to 
have been nearly the same, and the moUusca must also have 
inhabited closely adjoining portions of the same sea, with no 
barrier between them. Under these circumstances we have a 
right to expect a close resemblance between the faunas, if they 
are truly contemporaneous. 

Before analyzing the lists it may be well to point out any slight 
local circumstances which may have modified the character of the 
fauna, and which should be allowed for when we compare the 
different areas. The shells found at Lenham come from^ a bed 
that lies almost directly upon the flinty Chalk. They include 
abundant Arcada, and numerous rock-loving gasteropods, mixed 
with the species commonly found in sand, but no truly littoral 
forms, no Rissoa, and few herbivorous gasteropods of any sort, 
though the carnivorous species are abundant. The Chalk 
probably formed a bare submerged reef for part of the time. 
The depth of water over this reef must have been considerable, 
for most of the bivalves have their valves united, broken shells 
are rare, and worn specimens are unknown. Taking everything 
into consideration, I think we cannot place the depth of water 
at less than 40 fathoms. 

In the area around Diest, where the sands rest on a great 
variety of beds, but the fauna is that found on a sandy bottom, 
there is no evidence that reefs of the older rocks were bare for 
a sufficient length of time to influence the character of the fauna. 
Though the beds around Diest occur at a considerably lower 
level than the top of the Downs near Lenham, they contain 
broken shells more abundantly, and the fauna has perhaps a 
somewhat more littoral facies. 

At Antwerp the sand is replete with the fauna belonging to 
the deposit in which the shells are now found, without any 
mixture of rock-loving forms. Though the locality lies 600 feet 
lower than Lenham, the depth of water seems to have been 
about the same, perhaps slightly less. 

In a deep well at Utrecht, Diestian beds were found to extend 
to a depth of at least 1,140 feet beneath the sea.f Yet the 
character of the fauna — as far as one can judge by the specimens 

* See also P. Oogels, Considerations nouvelles sur les systSmes bolderien et 
diestien. Ann. Soc. Malacdl. de Belgique, vol. xii. pp. 7-26, (1877,) and E. Van den 
Broeck, Deoouverte de Tossiles miocfenes dans les Depots de I'Btage Bolderien. 
Ibid., vol. xix. pp. Ixviii.-lxxv. (1884.) 

f J. Lorie, Contributions S. la G^ologie des Pays-Bas. I. Ei^sultats g^ologiques 
et pal^ontologiques dea Eorages de Puits L Utrecht, Goes et Gorkum. Archivei 
du MusSe Teyler. Ser. II., vol. ii., 3rd part. (1885.) 
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obtained frjom a boring— is very similar to that at Lenham, and 
the depth ojF -water is no greater. 

To assist comparison of the different localities and their faunas, 
a table has beien drawn up showing the whole of the known , 
species of moUusca and brachiopods from Older Pliocene beds of 
the Diestian type. The object of this list is to ascertain whether 
the faunas from the different localities are such as might be 
expiected to inhabit adjoining portions of the same sea under 
similar conditions. It was necessary in preparing the table for this 
purpose to eliminate all exceptional deposits, and in the analysis 
only to deal with those fossils which may reasonably be expected 
to occur at all the localities. Mere numerical comparisons oi 
the species common to two deposits formed under different 
conditions are quite useless for settling whether the beds are or 
are not contemporaneous. In fact they are worse than useless, 
they are misleading. No one expects to find the same fauna 
inhabiting all portions of the English Channel at the present 
day. The Coralline Crag and the St. Erth clays have purposely 
been omitted from the table, because they are of different 
lithological types and consequently contain a number of species 
that probably would not live on a bottom of ordinary quartz 
sand. 



Diestian Fossils. 

(All but those marked * occur also in the Coralline Crag.) 
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Actaeon subulata, S. Wood - - - 

tomatilis, L. 

Adeorhis striatus, Phil. 

Aporrhais, see Chenopus. 

BiicoinOpsis Dalei, J. Sow. . - - - - 

BuccinUM undatum, i. 

Bulla acuminata, Brug. - - - 
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X 
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X 

X 
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X 

X 

X 
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X 
X 
X 
X 

X 

X 
X 

X 
X 
X 

X 

X 
X 
X 

X 
X 


X 


Calyptrsea chinensis, L. 

Cancellaria eontorta, Bast. - - 


X 


Capulus ungaricus, L. 
Cassidaria bicatenata, J. Sow. 
*Cassis eaburon, Brug. 
Cerithium granosum, S. Wood 

tuberculare, Mont. - 

Chemnitzia elegantissima, Menl. 

Chenopus pes-pelicani, L. - . . 
Clavatiila, see Plfeurotoma. 
*ConUs Dujardini, Desk. 
Cyliohiia oylindracea, Penn. 

Cypraea europsea, Mont. 


y 
X 
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Dentalium costatum, J. Sow. 


? 


X 


X 






, , 




X 








Emarginula fissura, Z. 


X 








Eulima intermedia ? Cantr. 


, , 




X 




subulata, Don. 


? 




X 




Ficula reticulata, Lam. 


X 


X 


X 




Fissurella grseoa, Z. 


X 








Fossarus lineolatus, S. Wood 






X 




Fusus giacilis. Da C. 




X 






lamellosus, Bars. 


X 








Margarita trochoidea, S. Wood 


X 








Nassa labiosa, J. Sow. 




X 








X 












* i reticosa, J. Sow. 




X 






Natica millepunctata. Lam. 


X 


X 




X 


varians ? Duj. 


X 


X 


X 




cirriformis, J. Sow. 




X 


X 




Alderi, Forbes 








X 


■ helicina, Broc. 








X 


Odostomia conoidea, Broc. 






X 




Pileopsis, see Capulus. 










*Pleurotoma consobrina. Bell. 


X 


















intorta, Broc. var. plicatilis - 




X 
X 






modiola, Jan. 






X 




* Jouanneti, Desm., var. r 


X 








turrifera. N't/si ' - 


X 




X 




* plicifera, S, Wood ■<■• . 






X 




Purpura tetragona, Sow. - . . . 


"? 








Pyramidella plicosa, Bronn 






X 




Pyrula, see Ficula. 










Eingicula buccinea, Broc. 




X 


X 




ventricosa, J. Sow. 


X 








Rissoa proxima, Alder 






X 




Stepbanisi, Jeff. 






^ 




Scalaria olathratula, Adatns - 


X 




X 




froudjoula, S. Wood 






X 




* Hennei, Nyst 






X 




subulata, J. Sow. 






? 




Scaphander, see Bulla. 










*Terebra acuminata, Bars. 


y 




X 








Tornatella, see Actaeon. 










Triton heptagonum, Broc. 


X 








*Trochus cinerarius, L. 


X 








oonuluB, L. 






? 






y. 












obconicus ? .S'. V. Wood 




? 






occidentalis, Migh. Sf Ad. 






X 




turbinoides, Nyst 




A 


X 




ziziphinus, L. 


X 


X 


X 




Tropbon alveolatus, ./. Sow. - 




^ 


X 




Turbonilla, see Chemnitaria. 










Turritella incrassata, Sow. 


X 


X 


X 




Voluta Lamberti, Sow. 




X 






*Xenophora, ap. 


X 


X 






Abra prismatica, Mont. 




X 


X 


X 


Anomia ephippium, L. 




X 


X 


X 


■ striata, Broc. 






X 




•Area diluvii, Lam. 


X 
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X 
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X 
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X 
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X 


X 
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X 


X 
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X 
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X 


X 




? 


X 

X 



Area lactea, L. 

pectunouloides, Scac. 

Artemis lentifonuis, Sow. 

linota, Pult. 

Astarte Basteroti, Laj. 

Burtini, Laj. 

* corbuloides, Laj. 

Galeotti, Nyst 

inoerta, /S. Wood 

mutaWlis, S. Wood 

Omalii, Laj. - 

pygmsea, Miinst. 

* sulcata, Da C. 

triangularis, Mont. 

Avicula, sp. - 

Cardita chamEeformis, Leathes 

corbis, Phil. - 

orbicularis, Leathes 

scalaris, Leathes 

senilis, Lam. 

Cardlum decorticatum, S. Wood 

edule, Z. 

fasciatum, Mont. 

nodosum, Turt. 

* papillosum, Poli 

* n. sp. ? 

Circe minima, Moni. 
Corbula gibba, Otivi 
Cryptodon flexuosum, Turt. - 
CucuUcea, see Area. 
Cultellus tenuis, Phil. 
Cyprina islandica, L. 

— rustica, Sow. 

Cytherea chione, L. 

rudis, Poli 

Diplodonta astartea, Ni/st 

rotundata, Mont.'f 

Donax politus, Poli 
Ensis, see Solen. 
*Gastrana fragilis, L. 
Glyeimeris angusta, Nyst 
Hinnites crispus, Broc. 
Isocardia cor, L. 
Kellia ambigua, Nyst §• West. 

Buborbieularis, Mont. 

semistriata, S. Wood 

pygmsea, Munst. 

Lepton deltoideum, S. Wood 

depressum, Nyst 

Lima Loscombi, Sow. 

subauriculata, Mont. 

Limopsis aurita, Broc. 

anomala, d'Eichw. 

Lucina borealis, L. 
Lutraria elliptica. Lam. 
Mactra arcuata. Sow. 
Modiola sericea, Brown 

phaseolina, Phil. 

Montacuta bidentata, Mont. - 



t = dilatata, Wood = Woodi, Nyst. 
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Montacuta ferruginosa, Mont. 

Mya fragilis,' Nyst - 

teunoata, L. - 

Mytilus edulis, L. - 

Neaera obesa, LovSn - 

Nucinella ovalis, S. Wood 
*Nuoula Cobboldiae, Sow. 

laevigata, Sow. 

— — nucleus, L. 
* sulcata, Bronn 

Osti'ea Prino^ps, 5^. Wood ■ 

Paiiopaea Eaujasi, Men. de la Gr. 

Pecten Gerardi, N'yst 

— : lineatus. Da C. 

—— maximus, Z.f 

opercularis, Z. 

princeps. Sow. 

similis, Lashey 

pusio, L. 

radians, Nyst 

tigrinus, L. - 

septemradlatus. Mull. 

vaiius, L. 

* Westendorpi, Nyst - 

* n. sp. 1 

* n. sp, ? 

PeCtunculus glycimeris, L. - 

PKoladidea papyraoea, Turt. 

Pinna peotinita, L. - 

Poromya granulata, Nyst Sf W. 

Psammobia fferroenses, Chemn. 

Saxica\^ rugosa, X. - 

Scintilla compressa, Phil. 

Semele, see Abra. 

Solen ensis, i. 

TaJ)es, sp. 

Tellina balaustina, Z. 
* Benedeni, Nyst 

donacina, L. 

compressa, Broc. 

Teredo, sp, - 

Thracia iuflata, Sow. 

pubescens, Pult. 

ventrioosa, Phil. 

Venus casina, X. 

imbricata, Sow. 

oyata, Penn. 

Woodia digitaria, X. 

excutrens, S. Wood 

Yoldia, see Leda. 
Argiopa cistellula, S. Wood - 
Terebratula grandis, Blum. 
Lingnla Dumortieri, Nyst - 
Terebratulina oaput-serpentis, X. 



t = P. grandis, Sow. 



The total number of species in the foregoing table is 189 ; of 
these all except 22 have also been found in the Coralline Orag, 
We may therefore unhesitatingly state that the Diestian deposits 
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and the Coralline Crag, if not absolutely contemporaneous, are 
so closely allied that it Is impossible to refer them to different 
portions of the Pliocene period. Turning next to the 22 species 
still to be accounted for, 9 of the forms that are unknown in 
the Coralline Crag are still living ; and 5 are extinct molluscs 
known to occur in Upper Pliocene beds. Against these we 
have to place 2 south European Pliocene and Miocene shells. 
Area diluvii and Texebra acuminata ; 3 generally considered to 
be characteristic Miocene fossils, Gonus Dujar^ini (a common 
Belgian Miocene fossil, also found in the " box-stones " at the 
base of the Crag), Pleurotoma consobrina and Pleurotoma Jouan- 
neti (both characteristic Italian Miocene fossils) ; and 3 species 
apparently new which are confined to Lenham. Thus the 
Diestian fauna includes 14 species which point to its being newer 
than the Coralline Crag, and 8 species which point to its being 
older. If, however, our acquaintance with the whole Miocene 
fauna were as extensive as with the recent moUusca, this small 
diflference would probably disappear, for it is more probable that 
several additional Diestian forms will be discovered in Miocene 
beds, than that a corresponding number of supposed extinct shells 
will be found still to be living. The foregoing list, instead of 
showing that the Diestian sands belong to a Mio-Pliocene forma- 
tion older than the Coralline Crag, as was formerly thought, points 
to its being slightly newer, but the difference is so extremely 
small that it may safely be ignored. 

Leaving statistics — ^never very satisfactory when the relative 
age of closely allied deposits is to be inquired into — there are 
some slight changes in the distribution of the species as one 
travels from north-east to south-west which strongly suggest 
warmer seas in the latter direction. Probably even in Pliocene 
times the Gulf Stream warmed the western shores, and four de- 
grees further west would then as now no doubt involve a distinct 
rise in the tem]perature of the water. 

The DiestiEiil beds of Holland have only been reached in 
borings, so that a comparatively small number of fossils has yet 
been obtained from them. These, however, have been carefully 
collected and described by Dr. Lori^, who kindly showed me the 
original specimens during my visit to Utrecht. The lower beds 
in the borings seem to have been correctly referred to the Diestian 
series, but one cannot help noticing that southern forms are 
decidedly rarer than they are at Lenham, at any rate in the 
number of individuals. One species, Nucula Cobholdias, is a 
northern mollusc unknown elsewhere in beds older than the upper 
part of the Red Crag, but occurring in profusion in Newer 
Pliocene and Older Pleistocene deposits. It is an extinct form, 
but its invariable association with boreal species in this country 
leaves no doubt that it was a truly northern mollusc. The oldest 
specimens at Utrecht seem to be dwarfed and small, as is often 
the case with boreal species towards their southern limit. Not 
one of the southern species belonging to the Diestian beds is 
confined to Holland or especially abundant there. 
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Quite recently another well has been bored further north, at 
Diemerbrug, near Amsterdam; This boring reached a depth of 
1,096 feet without penetrating any deposits that could be referred 
with certainty to the Diestian. A fuller account of the boring 
will be found at p. 220, but owing to the doubt as to their exact 
horizon the fossils have not been incorporated in the tables in this 
volume. 

The Belgian list includes two southern forms unknown in 
Britain. These are Scalaria Hennei, thought by Nyst perhaps to 
be referable to S. delicatula of the Canaries, and the Conus, which, 
though an extinct form, belongs to a decidedly southern genus ; 
both these shells are rare. The cone, though unknown in place 
in Britain, has been found in the derivative "Box Stones" at the 
base of the Crag (see p. 13). 

At Lenham the southern character of the fauna is much more 
noticeable ; for though the list from that locality is considerably 
smaller than that from Belgium, it contains about a dozen southern 
species unknown in Belgium, and four of them are unknown 
in the Coralline Crag ; besides which some of the Mediterranean 
forms rarely found in the Coralline Crag occur at Lenham in 
abundance. From Lenham about 67 species have now been 
determined. Among these we find such southern genera as 
Ficula {Pyrula), Xenophora (JPhonis), Triton, and Avicula, 
while the profusion of Area diluvii and Car dium papillosum helps 
to give a distinctly Mediterranean character to the fauna, borne 
out also by the extinct south European species of Pleurotoma and 
Terebra associated with them. The few fossils not belonging to 
the moUusca point in the same direction. The polyzoon Cupu- 
laria canariensis is often found, but now lives only in the warm 
seas of Madeira and the Canaries ; another specie?, the extinct 
Fascicularia aurantium, of which a single specimen has been met 
with at Lenham, is a well-known and characteristic Lower 
Pliocene form. Spines of Diademu are common ; as are the 
tubes of Ditrupa subulata, an annelid usually found at depths 
varying from 60 to 120 fathoms. 
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CHAPTER V. 

ST. ERTH BEDS. 

The only remaining deposit of Older Pliocene date that has yet 
been discovered in Britain is a small outlier, occupying a few 
acres, close to the village of St. Erth in Cornwall. St. Erth 
lies in the valley, formerly in all probability a strait, that divides 
the high land of the western part of Cornwall from the rest of the 
county. This valley connects Mounts Bay with St. Ives Bay, and 
only reaches 80 feet above the present level of the sea on the low 
watershed which divides the northward from the southward flowing 
streams. 

Between the village of St. I*jrth and the Vicarage, which lies 
about a quarter of a mile to the east, there are some gently sloping 
fields, in which pits have been opened for sand, and to obtain clay 
for puddling for some engineering works at Penzance. Nothing 
would have been known about the fossiliferous deposit if it had 
not been for the economic value of this clay, which led to the 
deepening of the largest of the pits, so' that the underlying un- 
weathered shelly clay was reached. Everywhere the angular 
rubbly deposit known in the west of England as " Head " overlaps 
the clay, so that without artificial sections we should not have 
suspected the presence of anything between the Head and the 
palaeozoic rocks. This widespread and deep deposit of Head 
makes it impossible to trace the exact limits of the clay, but 
the outcrop of slate and elvan at several points in the neighbour- 
hood shows that the basin must be of limited extent, probably 
less than a quarter of a square mile, certainly under one square 
mile. 

The pit in question lies close to the Vicarage on the north- 
west side, and occupies a field sloping towards the north-west. 
The beds exposed in it, as far as can be seen, dip in the same 
direction, but at a higher angle, so that the clay thins out alto- 
gether towards the Vicarage, and it is not improbable that the 
Vicarage buildings may rest almost directly on the solid rock. 

The sections constantly vary as the faces of the pit are cut 
back, and they may now be much altered, as the clay has been 
extensively dug since my visit in 1886. At that time heavy rains 
had somewhat obscured the lower part of the section, but the 
north-east face showed : — 

Febi. 
Angular Head - - - . 3 

Head and clay mixed - - 2 

Mottled clay .... - 6 

Bine shelly clay (base not seen) - 1^ 
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Towards the south-east, where the ground rises, the deposits 
change very fast, for only 40 feet from where the last section was 
measured they were found to be as follows : — 

Feet. 

Head - 3 

Clean mottled clay - - - - - 7 
Loam with, small quartz pebbles - - - f 
Sand 1 

Still higher, in the old sand pit in the adjoining field, the Head 
rests directly on sand, as it does also along the south-east and the 
greater part of the south-west face. Along the north-western 
face of the pit the clay seems to be most developed and continuous 
for we find at the north-west comer : — 

Feet. 
Head ..--... 7 
Brown clay - - - - - - 4 

Blue clay - - - - - - 3 

Gravel (not seen at tlie time of my visit). 

Further west the solid rock rises again, and elvan is met with 
in a quarry close to Mellanear Lane, though a small overgrown pit 
nearer to the village seems to have been opened in gravel, perhaps 
the same gravel that underlies the fossiliferous clays. On the 
eastern side the deposit appears to abut agaiast a cliff or steep 
bank, killas being visible at Carnabargas and again at Trenhayle. 
On the north the extent of the Pliocene Beds may be some- 
what greater than I ventured to lay down on the map which I 
prepared of the locality, on the scale of 25 inches to a mile, for 
some fields on the south-west side of Trelissick are flat, and 
apparently have a deep soil. However no sections were visible, 
and it is safer not to extend the outlier north of Mellanear Lane. 

The small outlier of marine beds at St. Erth probably owes its 
preservation to the position of the strata in a hollow or channel 
between a boss of slate and a hard projecting elvan dyke. This 
part of the spur of Palaeozoic rocks happens also to be so isolated 
from the high land by small valleys, that no streams have been 
able to collect and to erode it ; the Pliocene deposit can therefore 
suffer little from denudation, even under the heavy rainfall of 
Cornwall. 

As it seemed probable that other outliers might be preserved 
in a similar way, the whole valley was searched from Marazion to 
Lelant, but without result. Everywhere except near St. Erth the 
contours were so distinctly those of fluviatile denudation acting on 
hard strata that it was hopeless to expect anything but Palaeozoic 
rooks, more or less capped by Head. The only place where other 
similar outliers are likely to be found is on the watershed which 
lies about a mile to the west and south-west of the village of 
St. Erth. Here also is a ridge little affected by denudation, but 
unfortunately no sections were exposed ; any pits, however, that 
may be opened in this area should be carefully examined. 

The exact age of the St. Erth clays still remains somewhat 
doubtful, and so many views have been expressed on this subject 



ST. BETH BEDS. 6l 

during the seven years since the deposit became known, that one 
feels disinclined at present to express any positive opinion, though 
the moUusca of the deposit seem to me to point unmistakably to 
the Older Pliocene period. 

The earliest account of the marine shells was published in 1882* 
by Mr. Whitley, who, however, called the clay Boulder Clay, 
and spoke of it as conclusive evidence of glacial action. To this 
paper Mr. G. B. Sowerby added a note on Ihe ten species of 
mollusca collected by Mr. Whitley. Five he determined as 
common living British forms ; two, a Trochus and a Turritella, 
he stated did not 'belong to any British species ; one, Nassa 
mutabilis, is Mediterranean and not British ; a Fusus {Euthrid) 
" is certainly not a Boreal species " ; and a Trochita he compared 
with one found in the Barton Clay. Yet Mr. Whitley remarked 
that " some of them show indications of glacial belongings." 

The determination of the Pliocene age of the St. Erth clay was 
the last work of S. V. Wood, jun., who died before his paper on 
the subject was published.t He came to the conclusion that the 
deposit nearly corresponded in age with the Red Crag, but 
observed that "the character of the Mollusca, as a whole, is 
essentially southern, no peculiarly arctic shell having as yet 
occurred." A provisional list of about 50 species of Mollusca 
was added by Wood, bufwas not published, being withdraw for 
revision ; he, however, alludes to the distribution of about 16 of 
the species. 

In the discussion that followed the reading of this paper 
Dr. Gwyn Jeffreys, who had examined the mollusca, said that 
" there were 44 or 45 species, out of which 11 or 12 are recent 
and 33 or 34 extinct." Dr. Jeffreys added that " he was not 
clear whether the St. Erth deposit was of Older Pliocene or 
possibly of Upper Miocene age." 

During the same discussion Robert Bell, who had greatly 
assisted S. V. Wood in the determination of the specimens, 
objected to the deposit being called Miocene, and regarded it as 
nearly of Crag age (he does not state whether Upper or Lower 
Crag). 

At the same time that Wood was studying the Mollusca 
Mr. Millett was working out the Foraminifera.J He recognised 
the Tertiary age of the deposit, but added that the exact position 
could not be determined without further investigation. He gave a 
list of 120 species and varieties, and mentioned that there were 
others undescribed. According to Mr. Millett the Foraminifera 
" indicate such a fauna as might be found in the shallow seas of 
a sub-tropical climate." 

* The Evidence of Glacial Action in Cornwall and Devon. Trans. Geol. Soc. 
Cornwall, vol. x. pp. 132-141. 

t On a new Deposit of Pliocene Age at Sf. Erth, near the Land's End, Cornwall. 
Quart. Journ. Geol. Soc, vol. xli. pp. 65-73. (1885.) 

J Notes on the Fossil Foraminifera of the St. Erth Clay Pits. Trans. Geol. Soc. 
Cornwall, vol. x. pp. 213-216, 222-226. (1885.) 
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The next paper was by Messrs. Kendall and Robert Bell,* who 
by Mr. Wood's desire had undertaken to carry on the work after 
his death. These authors added largely to the fauna of the 
deposit, giving a list of 72 species of mollusca, and observing that 
20 more seemed to be unknown either in a recent or fossil state. 
They also mention the occurrence of numerous other inverte- 
brates, including four species of Bryozoa (all Coralline Crag 
forms), a Balanus, several species of swimming crabs, Echini, 
Annelids, calcareous Sponges, an Alcyonarian, plates of Holo- 
thurias, and spicules of a Tunicate closely allied to Leptoclinum 
tenue. The authors analyse the list of Mollusca, and come to 
the conclusion that the deposit is of about the age of the earlier 
portion of the B,ed Crag ; but to account for the absence at St. 
Erth of the Boreal species which give so marked a character to 
even the oldest part of the Eed Crag, they are obliged to postu- 
late a land-barrier across the Atlantic from Scotland to Green- 
land, thus cutting oft' in Pliocene times the Arctic seas from any 
communication with the seas of the west of England. The Red 
Crag area is considered to have been at the same period freely 
open towards the north. 

Tliis view of the comparatively recent age of the strata does 
not seem to be borne out by the evidence of the Mollusca. I 
think, moreover, that we should be cautious before raising barriers 
across the Atlantic to account for the undoubted great difference 
between the climatic conilitions under which the St. Erth Beds 
and the Red Crng were respectively deposited. 

The next note on the subject occurred in an article published 
during the same year (1886)t, wherein after a study of the 
deposits at Lenham, and St. Erth, as well as the older Crags of 
Suffolk and Belgium, I concluded that they were all of approxi- 
mately the same age, but did not deal with the St. Erth fauna, 
except to suggest that it points to a considerable depth of water. 

At the Manchester meeting of the British Association the late 
R. G. BellJ read a short additional note giving some further 
particulars and criticising my conclusions as to the depth of water 
shown by the clays. He observed that the majority of the Mol- 
lusca were such as inhabited the laminarian zone, and did not 
extend to a greater depth than about 15 fathoms. 

Mr. Kendall has since continued his researches into the 
character of the fauna of the St. Erth clays, but at present his 
results are still unpublished, though I believe he has been able 
considerably to add to the lists. 

Messrs. Wood, jun., Kendall, and Robert Bell have had so 
much experience in studying the Mollusca of the Crag that I differ 
from them with the greatest hesitation, especially as I have only 
had an opportunity of examining a portion of the fauna of the St. 
Erth clay. Their list of the Mollusca seems, however, to lead to 

* On the Pliocene Beds of St. Erth. Quart. Journ. Geol. Soc, vol. xlii. pp. !201- 
215. (1886.) 

t On the Pliocene Deposits of North -Western Kurope (C. Reid). Nature, 
Tol. xxxiv. p. 341. (1886.) 

J The Pliocene Beds of St. Erth, Cornwall. JRep. Brit. Assoc, for 1887, p. 718. 
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a quite different conclusion as to the age of the beds from that 
adopted by them. When, further, we take into account the 
physical conditions which must have prevailed while the clays 
were being deposited, as well as the list of species found in this 
small outlier, it appears to me that the depth of water there 
indicated must have been considerably greater than these observers 
have supposed. 

The following are the species recorded by Messrs. Kendall and 
Bell. The list is given as it stands ia their paper, but a number 
of the specific names given by S. V. Wood, (jun.)* refer to MS. 
species as yet neither figured nor described ; these are conse- 
quently omitted from the tables at the end of this Memoir. 



Mollusca of the Pliocene Beds of St. JSrtk. 



OalyptrEea cliinensis, Linn. 
Oerithium retioulatum. Da 0., var. 
Chiton, sp. 

Oolumbella sulcata, 8ow. 
Conovulus pyramidalis, /. Sow. 
Oyulostrema nitens, Phil. 
Cyliclma tmncatula, Srug. 
Cyprsea avellana. Bow. 
Defrancia linearis, Mont. 
Eulima intermedia, Cantr. 

• polita, Linn. 

FuBus oorneus,l/tTO«.(=F.lignarius). 
Homalogyra atomns, Phil. 
Hydrobia terebellata, Nyst. 

, var. conica. 

Jeffreysia diaphana. Alder. 

-globularis, Jeff. 

Littorina subaperta. Wood. 

Murex, sp. 

Nassa granulata, 8ow. 

mutabilis, Linn. 

, var. St. Erthensis. 

recticostata, Bellardi. 

s errata, 5roccM (=]Sr.reticosa, 

Sow). 

solida, S. Wood. 

Natica millepunotata. Lam. 

sordida, Phil. 

Odostomia acuta, Jeff. 

clathrata, Jeff. 

eximia, Jeff. 

insculpta, Mont. 

iuterstinctfi, Mont. 

pallida, Mont. 

plicata, Mont. 

risBoides, Hanley. 

spiralis, Mont. 

unidentata, Mont. 

(Ohemnitzia) oostellata, 

Grrateloup. 

plicatula, 

Brocchi. 
Pleurotoma braohystoma, Phil. 
costata. La G. 
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Pleurotoma costato-striata, 

Wood, jun. MS. 
Eingioula acuta, Phil. 
Eissoa Montagui, Payr. 

partim-canoellata.jS. Wood, 

jun. MS. 

pentadonta, 8. Wood. 

— reticulata, Mont. 

Skenea planorbis, Fabr. 
Trocbus Adansoni, Payr. 

adriaticus, Phil. 

• — mnltistriatus, 8. Wood, 

jun. MS. 

■ noduliferens, S. Wood. 

zizyphinus, Li/mi. 

Turritella triplicata, Brocchi. 
Utrioulus hyalinus, Turton. 



Artemis exoleta, 
Cardita aouleata, Poli. 
Cardium echinatum, Linn. 

papillosum, Poli. 

tuberculatum, Linn. 

strigilliferum, 8. Wood. 

Kellia, sp. uov. 
Lasea rubra, Mont. 
Lepton nitiduni, Turt. 
Lncina borealis, Linn. 
Mactra solida, Linn. 
Montacuta bidentata, Mont. 

ferruginosa, Mont. 

Mya arenaria, Linn. 
Nucula nucleus, Linn. 

proxima? Say. 

— sulcata, Bronn. 

Ostrea edulis. Limn. 
Pecten maximus, Linn. 

opercnlaris, Linn. 

Pectunoulus glycimeris, Linn. 
Solen ensis, Lvnn. 
Tapes aureus, Oemelin. 

pullastra. Wood. 

virgineus, Linn. 



* To prevent confusion it may be observed that S. V. Wood of Messrs. Kendall 
and Bell's paper is S. V. Wood, junr., not the author of the Crag Mollusca. 
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As there appears to be a considerable number of nndescribed 
species, besides the MS. names given in. the above list, it is 
difficult to arrive at the relative proportion of living and extinct 
forms contained in the deposit. Messrs. Kendall and Bell men- 
tion about 20 more that do not seem to be known, either in a 
fossil or recent state, making a total of 92 species and marked 
varieties of mollusca discovered up to the time their paper was 
written. Of these about 38, or 41 per cent., appear to be extinct, 
a proportion exactly corresponding with that found in the 
Coralline Crag. Probably when the St. Erth fauna is better 
known the proportion qi extinct species will be found to be 
greater, for species dying out will commonly, be represented by 
fewer individuals than species with a wide range in time. As far 
as the per-centage test is of value, and I do not like to trust 
very much to it, it appears to show that the St. Erth clays are 
fully as old as the Coralline Crag. 

Another test of the age of these newer Tertiary deposits, is 
afforded by a consideration of the climatic conditions indicated 
by their fauna. The evidence from this soiurce likewise indicates 
that the St. Erth Clay is Older Pliocene, not Newer Pliocene. 
In the last chapter we traced the gradual change of temperature 
which is revealed by the Older Pliocene beds as they are followed 
through Holland, Belgium, and Suffolk, to Kent, that is to sky 
from north-east to south-west. We now find that the St. Erth 
clays yield a fauna such as might have lived in warm seas -like 
those wherein the sands of Lenham were' deposited. They are 
marked by a similar enormous preponderance of southern mollusca ; 
at the same time the species found at the two localities are 
different, 

I will now give the reasons which have led me to consider 
that, notwithstanding the character of the included fauna, the 
St. Erth clays were deposited in so great a depth as 40 or 50 
fathoms. This is the more necessary as a glance at the list of 
species, or even an examination of a collection of the fossils, will 
seem at first strongly to confirm the justice of Mr. Bell's criticism, 
that most of the species belong to the Laminarian zone, that is to 
say, that they did not live in a greater depth than about 15 
fathoms. The list by itself clearly points to that conclusion. 
We have, however, to deal with a much more complicated 
question, for firstly we must inquire under what physical con- 
ditions the beds could have been deposited ; secondly, we must 
take into account the close proximity of shoaler water ; and 
thirdly, we ought to separate the species which lived on the spot 
from those that belonged to the shoaler water, and were merely 
washed or dropped into thi& basin. 

First with regard to the question of the physical conditions 
which prevailed, it has already been pointed out that the clay lies 
in a pass or valley dividing two tracts of high land. The fossi- 
liferous strata occur at almost exactly 100 feet above, the present 
sea-level, though unfossiliferous sands, probably belonging to 
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the same series, rise about 30 feet higher near St. Erth Vicarage 
The land rises rapidly to the south-east, so that we find an 
elevation of 255 feet only 600 yards away, and it should not 
be forgotten that the land was once still higher, for since 
Pliocene times this hill has yielded the mass of angular rubble 
which now covers the fossiliferous bed. If the depth at which 
the clay was deposited were only 15 fathoms this elevation must 
then have been dry land, in fact the shore line must have coin- 
cided with the 190 foot contour, only 400 yards away. What 
evidence is there of this close proximity of land ? The littoral 
shells, such as Patella and Littorina, which everywhere occur in 
thousands on rocky shores between tide-marks, are entirely 
absent, as are Scrobicularia, Cardium edule, and Hydrobia ulva, 
which inhabit the sheltered creeks and estuaries. The only 
evidence of the neighbourhood of land is the finding of a specimen 
01 the littoral air-breathing Conovulus (Melampus) pyramidalis ; 
the empty shells of recent species of this genus will, however, 
float long distances when full of air. 

Again the litbological chai-acter of the clay points to deposit in 
fairly still water ; but as this area would be exposed to the force of 
the Atlantic swell, though somewhat sheltered by the high lands 
to the west, it is difficult to conceive of such clays being laid down 
in a less depth than 40 fathoms, especially when we take into 
account the enormous force of the waves at St. Ives and Penzance, 
which are now as much sheltered from the prevalent wind as 
St. Erth could have been. 

Assuming that the clays were deposited in 40 fathoms, the total 
depression of this area must have amounted to about 340 feet, for 
the fossiliferous deposit now lies about 100 feet above the sea- 
level. Under such conditions the character of the district would 
be greatly altered.. Cornwall would be transformed into a scattered 
archipelago, divided by numerous straits and channels with very 
uneven bottoms, exactly as we find among the Scilly Islands at 
the present day. On this assumption the high land close to 
St. Erth wDuld become a submerged shoal, reaching the lower 
part of the-laminarian zone, but not rising, above the sea-level. 
Like all such rocky sh-oals it would be covered with a thick 
growth of the sea-weeds which form ihe favourite haunts of the 
various plant-eating Eissoas and Odostomias. Anyone who has 
collected floating sea-weeds will have noticed how largely they 
assist in the transpoi'tation of these shells. Thus a deep hollow 
close to a forest of oarweeds must often be filled with the shells 
of the laminarian zone to such an extent as almost entirely to 
mask the true character of the fauna proper to the depression. 
Besides this the submarine slope was here so steep that multitudes 
of shells naust have been washed down by the to-and-fro motion of 
the water and dropped into any sheltered hollow below the range 
of wave action. It is in this manner that I think we can account 
for the character of the fauna of the St. Erth clay ; the mollusca 
are mainly the species that lived on the shoal close by, and the 
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absence of truly littoral forms is due to the distance from the 
shore. 

During the examination of this part of Cornwall I was struck 
by the rounded hummocky contours of the lower portions, contours 
that did not seem to be due to fluviatile action, for in hard rooks 
like the slates and granites of Cornwall subaerial denudation tends 
to develop bold scarpa rather than flowing curves. This smoothed 
character appeared, howevei', to be exactly what one might expect 
if the land had been submerged to the extent of 300 or 400 feet, 
and everything below that level had been planed and smoothed by 
the Atlantic waves. Such a submergence ought to have left traces 
in ancient beaches ; we accordingly find at St. Agnes Beacon, 
which rises to 627 feet, a series of clays and sands at exactly the 
level needed, i.e., between SOO and 400 feet. 

The sands and clays of St. Agnes Beacon have long been known,* 
and as far back as 1839 they were referred by De la Bechef to 
the Tertiary period, and pointed to as more ancient than the 
oldest of the superficial deposits. These strata nearly encircle the 
higher part of the Beacon, reaching, according to Dr. Boase, a 
height of 375 feet above high-water level. They have up till now 
proved entirely unfossiliferous, but their position is so unlike that 
of any of the raised beaciies-, and they correspond so well in level 
with the height at which we might expect to find littoral deposits 
of the age of the St. Erth clays, that it is safe provisionally to 
refer them to the same period. 

The following section, observed by De la Beche on the north- 
east side of the hill, is deeper than any now visible : — 

St. Agnes Beacon — north-east side. 

Feet. 
Head of rubble, derived from the Mil above, and 

named Gdbb - - - - - 3 

Yellow sand - - ... 2 

Brownisb sand, with numerous planes (apparently 

those of deposit) dipping at an angle of 45 - 11 

Light-coloured mining clay - - - - 2 

Blue clay - - . . . - 9 

Yellow sand - - - - . - 4 

White sand - - - - . - 4 

Yellow sand - - - . . - 3 

Pebbles, resting upon.an uneven surface of slate variable. 

The strata vary greatly within short distances, and in the 
sections now exposed they are stained and mottled in such a way 
as to suggest the action of percolating rain-water. Any fossils that 
were originally contained in these sands and clays have probably 
been entirely dissolved out, for the beds seem to be nearly free 
from lime. No section is now visible of the thick bed of blue 



* Hawkins, John. On a very singular Deposit of Alluvial Matter on St. Agues 

Beacon Trans. Geol. Soc. Cornwall, vol. iv. pp. 135-144. (1832.) 

Boase, Dr. H. S. Contributions towards a knowledge of the Geology of Cornwall 
ibid. pp. 296-299. (1832.) 

t Report on the Geology of Cornwall, Devon, and West Somerset. 8vo. pn 
258-260. (1839.) "^ 
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clay mentioned by De la Beche, but should it be again exposed 
it would be advisable to wash the middle and lower portions for 
microscopic fossils. 

Standing on this old beach of St. Agnes Beacon, one looks 
across a lower undulating country, out of which rise here and 
there bold hills or masses of high land with more rugged outlines. 
With this smoothed undulating plain lying at one's feet it is diflScult 
to avoid the conclusion that it was formerly the bed of the sea, 
and that the distant hills rose, like St. Agnes Beacon, above the 
sea-level, converting Cornwall into an archipelago somewhat 
resembling the SciUy_ Islands at the present day. What may have 
been the date of this ancient submergence is difficult to prove 
in the_ absence of fossils ; but we are unacquainted with any period 
to which it can belong unless it correspond with that during which 
the fossiliferous clays of St. Erth were being laid down. We 
may therefore provisionally refer the deposition of the strata at 
St. Agnes Beacon and some of the general sculpture of the surface 
in this part of Cornwall to the Older Pliocene period. 

Crossing the Ciiannel into Normandy, one finds in the low- 
lying peninsula of Cotentin small outliers of Upper Tertiary 
strata of diflfe]:ent ages, resting on various rocks, from Devonian 
to Cretaceous. These have been thoroughly examined by 
M.^ G. Dollfus.* They are important as helping to show the re- 
lation of the Pliocene strata of England to t^iose of the Continent, 
and also to the Faluns of the Loire ; but Pliocene beds occupy 
almost as small an area in the north of France as they do in the 
south of England, and we need much more evidence before the 
minor divisions of deposits varying so greatly in character can be 
satisfactorily correlated. 

The upper Tertiaries of Cotentin are thus divided by M. 
Dollfus :— 

Pliocene -T -'^^"i®^ ^ Nassa de Saint-Martin d'Anbigny. 

1 Oonglom&at a Ter^bratules de Saint-Georges-de-Bohon. 
Miocfene Falun a Bryozoaires de Saint-Bny. 

The Faluns are about 25 feet thick, and consist of soft cal- 
careous strata, formed almost entirely of much-worn fossils — ■ 
Bryozoa, Corals, MoUusca, and Echinids. Tlie actual shell in 
both Gasteropods and Lamellibranchs has always disappeared. 
In lithological character this deposit resembles the Coralline 
Crag, and it contains also a similar fauna, though several of the 
species mentioned by M. Dollfus have not been found in England. 
On palseontological grounds M. Dollfus correlates the Faluns of 
Cotentin with the Miocene Faluns of the Loire ; the areas are, 
however, widely separated, and the list of fossils is not yet very 
large. 

The next deposit — the conglomerate with Tereh-atula grandis 
— appears to rest on an eroded surface of the underlying 

* Esquisse des Terrains Tertiaires de la Normandie. Mem. Soc. Geol. Normandie 
sur I'Exposition Geol. du Havre, en 1877, p. 478. 
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" Miocene " beds, and according to M. Bonissent it certainly 
underlies the " marnes h. Nassa." In lithological character it 
is usually an agglutinated ferruginous gravel with rolled fossils, 
hard in some places, sandy in others. A clayey sand, with 
pebbles and rolled bones at its base, has been discovered by 
iVT. Vasseur near Gourbesville.* This sand has yielded a large 
number of fossils to the researches of MM. Vasseur and Dollfus, 
and is evidently of the same age as the conglomerate. Of 
143 species determined by M. DoUfust about 91 are known in 
the Coralline Crao', and only 53 in the Ked Crag ; at least 85 of 
the species are still living in Europe, the per-centage of living 
Mollusca being identical with that found in the Coralline Crag. 

The Pliocene fauna of Normandy is so important for com- • 
parison with that of the English Pliocene beds that a column is 
devoted to it in the tables at the end of this volume. The mol- 
lusca point to conditions very similar to those indicated by the 
shells from St. Erth, a large number of them being species found 
on a rocky bottom ; most of them indicate the lower part of the 
laminarian zone, but the truly littoral Patella is also represented. 
The sands seem therefore to point to shoaler water than the clays 
of St. Erth, for Gourbesville is not dominated by any high land, 
and we appear in this case to have the fauna that lived at the 
same depth as that in which the sands were deposited. 

The next division of the Pliocene series found in Cotentin is 
the Nassa marls of Saint-Martin-d'Aubigny. These marls 
M. Bonissent has seen resting on the bed with Terebratula 
grandis. M. DoUfus describes the beds as consisting of greenish 
clay, having a thickness of 5 or 6 metres, and situated at 2 metres 
above the mean level of the sea. The most marked characteristic of 
the fauna of Bosq dAubigny, yielding 50 per cent, of living species, 
is its southern facies ; according to M. DoUfus, it is the upper Red 
Crag of England, with 75 per cent, of Subapennine specles.f If 
this deposit be truly of the age of the Bed Crag of England, and of 
the Scaldisiati of Belgium, it is difficult to understand the markedly 
southern character of its fauna, while that of even the oldest 
portion of the Red Crag is somewhat northern. It is also sur- 
prising to find a stratum containing only 50 per cent, of recent 
species overh/inn one containing as much as 60 per cent. Of 
.course if the Straits of Dover did not yet exist, or were obliter- 
ated by a rise of land which cut off the English Cliannel from the 
North Sea; a considerable discrepancy in the temperature of the 
water might be thus accounted for. The general facies of the 
fauna, and the small per-centage of recent species would, how- 
ever, incline one to refer the Nassa marls to the older Pliocene 
period rather than to the newer Pliocene. The difference between 
the fossils of Gourbesville and those of the Nassa beds is more 
suggestive of slightly varying conditions th.in of any great lapse 

* Bull. Soc. Gdol. France, ser. 3, vol. vii. p. 743. (1879.) 
f Esquisse des Terrains Tertiaires, p. 520. 

J See also G. Dollfus, Essai sur I'Extension des Terrains Tertiaires dans le 
Bassin Anglo-Parisien, op. cit. p. 584-605. 
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of time. These strata are therefore classed provisionally with 
those of Lenham and St. Erth, and with the Coralline Crag; 
the correlation of the English and foreign Pliocene deposits will, 
however, be again alluded to in the chapters on the Red Crag and 
on foreign equivalents (pp. 98, 99, 222, 223). 

In the foregoing description of the different Older Pliocene 
deposits, especial attention has been drawn to the height above the 
sea-level at which each is now found, and to the depth of water 
indicated by the included fossils. The data show that instead of 
the faunal zones varying according to the varying height of the 
beds above the sea level, or depth below the sea, the Older Pliocene 
beds of St. Erth and Ijcnham, the Coralline Crag, and the Diestian 
of Antwerp and of Utrecht all point to very similar bathimetric 
conditions, and were all probably laid down in depths ranging 
between 30 and 50 fathoms. If the movements which have 
elevated the Lenham deposits 620 feet above the sea had been 
uniform in amount over the whole of the area dealt with in this 
Memoir we might expect to find evidence in some of the Older 
Pliocene strata of seas of considerable depth, and of a corre- 
sponding deep-water fauna. Taking Lenham as our starting 
point, with an indicated rise of 860 feet — obtained by adding the 
present elevation of the strata above the sea to the depth at 
which they were laid down — we ought to find indications of a 
submergence to the extent of 840 feet (140 fathoms) in the 
Coralline Crag, and of 2,000 feet (330 fathoms) at Utrecht. 

A Pliocene fauna of over 300 fathoms would be most 
interesting to examine, but of such a fauna no trace has yet been 
detected anywhere in North-Western Europe. All the Older 
Pliocene deposits, though now occurring at such different levels, 
are shown by their included fossils to have been laid down in 
about the same depth of water. Though differing much in 
mineral composition at the various localities, they nevertheless 
ao-ree as closely in regard to their fossils as the very different 
nature of the sea-bottoms would allow us to expect. The whole 
1,143 feet of Pliocene and Pleistocene beds at Utrecht consists 
of essentially shallow-water deposits, pointing to a continuous 
depression. In Holland subsidence apparently tends to affect the 
same area again and again. 

On the other hand, the question arises whether the elevation of 
t!ie Wealden axis was still in progress during the Pliocene period. 
That the greater part of this enormous disturbance had been 
completed before that period seems proved by the absence of any 
Pliocene beds in the Hampshire or London basins, in the synclinal 
folds parallel with the Weald. There is, however, evidence of less 
violent movements of upheaval in the different levels at which 
Older Pliocene beds now occur, and it is probable that those 
geologists are right who maintain that the direction of the move- 
ments in areas of subsidence or elevation remains the same during 
long periods. HoUand may thus have undergone continued, 
though probably intermittent, depression since the early part of 
the Pliocene period; so as to allow of the accumulation of a great 
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thickness of shallow water Newer Tertiary beds. The axis of 
the Weald, including the Downs near Lenham, has been corre- 
spondingly elevated. Suffolk was little affected, and the deposits 
were therefore, in that district, thin and largely of organic origin. 

Were we to assume that the present positions of the Pliocene 
deposits of the north-west of Europe represent the relative depths 
at which the beds were originally laid down, a curious difficulty 
would present itself in any attempt to compare the Pliocene and 
recent sea-bottoms. Any deep depressions in the seas around 
England are now filled with cold water and contain an Arctic 
fauna. In similar depths during the Pliocene period one would 
expect to find a similar fauna, unless there existed, as in the 
Mediterranean, a barrier to cut off the Polar currents, or unless 
there was at that time no cold area at the Pole. Neither of these 
explanations seems allowable. 

A few years since the Coralline Crag was generally considered 
to be our only representative of the Older Pliocene period, and as 
it did not rise much above the sea-level, it was often assumed that 
great part of the rest of England was dry land. Now we know 
that Pliocene beds cap the highest parts of the North Downs, and 
indicate a subsidence sufficient to submerge the whole of the east 
and south of England, except a few hills. We find that, instead 
of the Older Pliocene period being one of elevation, there must 
have been widespread submergence, though the indications of 
irregular movement prevent us feeling confident, in the absence of 
fossiliferous deposits, as to the extent of the submerged area. 

Among the hard rocks of Cornwall denudation does not appear 
much to have changed the general configuration of the country 
since the Older Pliocene period. Moreover the Pliocene deposits 
in that district were probably never continuous or thick, but 
merely formed patches in sheltered places and around the shores, 
the rest of the sea-bottom being rocky. In the south-east and 
east of England, however, the case was different, for the rocks of 
that region are soft and much more easily denuded. The position 
of the Lenham beds, at the very edge of an escarpment, over 600 
feet above the sea, indicates that the great valleys of the Thames 
and "Weald have to a large extent been excavated since Pliocene 
times. 
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CHAPTER VI. 
RED CRAG. 

Between the Coralline Crag and the next overlying deposit 
there is a considerable break and erosion of the older strata, so 
that the Red Crag rests indifferently and irregularly on either 
Pliocene or Eocene beds, and in one place, towards its western 
limit, it even touches the Chalk. There is also at the base of 
the higher division a marked change in the lithological character 
of the Crag, for instead of soft organic limestones, we find coarse 
quartzose sand with a more littoral fauna. The climatic conditions 
had also changed, and in place of a warm sea, the mollusca point 
to cold currents, bringing Arctic species, unknown in the older 
deposits. These boreal forms become more and more abundant 
as we examine higher beds, till at last they give the dominant 
character to the fauna (see Plate IV.). To what extent the Crag 
of Walton may fill the gap between the Coralline and the Red 
Crags is still an open question, for litbologically it is thoroughly 
Red Crag, but among the fossils there is a large proportion of 
southern species, and the Arctic forms so conspicuous in higher 
zones are almost entirely absent. 

The literature relating to the Red Crag is somewhat extensive, 
but a great portion of it has already been referred to in the 
Chapters on the Nodule Bed, and on the Coralline Crag, while the 
titles of the rest of the papers will be found in the BibHographical 
Appendix to this volume. It thei'efore only remains to allude 
to such of the authors as have published important observations, 
or whose works are of historical interest.* 

The earliest scientific account of the Red Crag seems to be that 
given by S. Dale, in 1704, in his description of the cliff at 
Harwich. t This paper is especially valuable as preserving a 
record of an outlier now entirely destroyed by the sea. To the 
reprint of his paper a section of the cliff and four well-drawn 
plates of Crag fossils were added. Dale combated the opinion 
of the artificial or recent origin of this deposit, pointing out that 
similar beds occur also at Walton and Bawdsey, and that the 
common reversed whelk of the sands is not found living in the 

* This account of the literature relating to the Red Crag is mainly taken from 
Mr. Whitaker's Geology of the Country around Ipswich, &c. (^Memoirs of the 
Geological Survey^, 1885. 

t Phil. Trans., vol. xxiv. (No. 291) pp. 1568, 1569. Kepriuted in The History 
and Antiquities of Harwich and Dovercourt. 4to,, pp. 18, 19, and Appendix. 
Edit. 2. 1732. 
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adjacent seas. He also showed that the Crag overlies the London 
Clay — though subsequent observers overlooked his description and 
transposed the beds. 

Ill 1745 the llev. K. Pickering* drew attention to the discovery 
of the value of Crag shells as manure, through the accidental 
upsetting of a load on cultivated land. 

In 1811 J. Parkinsonf pointed out that certain of theRed 
Crag species seemed to belong to extinct forms ; and between 
1812 and 1819 SowerbyJ published figures of many of the shells. 

The several memoirs and maps, published between 1815 and 
1819, by William Smith, which form the foundation of strati- 
graphical geology, add nothing to our knowledge of the Crag, and 
through them all, owing to an unfortunate confusion of the 
Boulder Clay with the London Clay, the Crag is placed beneath 
the latter deposit. Smith used the term " Crag," but only in 
the local sense of shelly masses in the sands, not as the name 
of a stratigraphical division. 

In 1822, the Eev. W. D. Conybeare and W. Phillips§ con- 
cluded that the Crag is " probably the newest bed of the Upper 
Marine formation," or in other words, newer than the Bagshot 
Beds and the Oligocene strata of the Isle of Wight. 

The next important addition to our knowledge of these strata 
was made in 1833 by Lyell, || who had devoted a good deal of 
time to the examination of the beds in the field during the year 
1829. Lyell gave a number of sections of the Eed Crag, and for 
the first time referred to the per-centage of living and extinct 
species.lT He classed the beds as older Pliocene and paralleled 
the Crag with the Subapennine deposits. 

In 1835 Mr. E. Charlesworth** separated the Red Crag from the 
Coralline Crag ; and gave the name " lied Crag " to the Upper 
division, correlating it with the Crag of Norfolk. Two years 
later he consideredft that the Mammaliferous Crag of Norfolk is 
not an extension of the Red Crag, but a newer deposit. In 
several of his papers between these dates he spoke of the mixture 
of shells of different ages in the Red Crag. 

The Rev. W. B. Clarke in 1838 J J criticised Ly ell's view of the 
impossibility of separating the Drift from the Crag, an opinion 
given up in later editions of Lyell's works. 



* A Letter concerning the Manuring of Land with Fossil Shells [Woodbridge]. 
Phit. Trans., vol. xliii. no. 474, p. 191. 

t Organic Eemains of a former World, vol. iii. 4to. London. 

{ Mineral Oonohology. 6 vols. 8vo. London. 

§ Outlines of the Geology of England and Wales, pp. 10-13. 

II Principles of Geology, vol. iii. pp. 19-21, 61, 171-177, 181, 182, 203-206. 
Appendix, pp. 47-49, 51. 

f The determination of the shells was made by Deshayes, who compared the 
shells from SuflFolk with those of Touraine and Piedmont. 

** Phil. Mag., ser. 3, vol. vii. pp. 81-94. 

ft liep. Brit. Assoc, for 1836, Sections, pp. 84-86, and in Mag. Nat. Hist., 
n. ser., vol. ii., pp. 40-43. (1838.) ^ 

%% Letter on the JSTon-identity of Suffolk Diluvium and Crag. Mag. Nat. Hist., 
ser. 2, vol. ii. p. 285. 
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In 1839 Lyell* followed Mr. Charlesworth as to the super- 
position of the Red on the Coralline Crag, the former resting on a 
denuded surface o£ the latter ; and described the junction of the 
two at Sutton, where the Coralline Crag has been perforated by 
Pholas, and in parts forms a low buried cliff against which the 
Red Crag rests. He described the so-called Fluvio-marine Crag 
of Southwold, but seems to include therein the overlying pebbly 
sands at Easton Bavent cliff, and treated of the Norwich Crag at 
greater length. He accepted the opinion of Desnoyers that the 
Red and Coralline Crags may be of the same age as the Faluns of 
Touraine, as, though the fauna of the former is of a northern 
character, whilst that of the latter is southern, yet the two faunas 
depart almost equally from the nearest existing marine fauna. 
He regarded the Norwich Crag as older Pliocene, the Red and 
Coralline Crags as Miocene. 

In the same year S. V. Wood commenced his papers on the 
fossil shells of the Crag ; these he afterwards expanded into the 
valuable Monograph published by the Palseontographical Society 
between the years 1848 and 1882. In the Introduction to the 
first part of his Monograph Wood classes the Coralline Crag as 
Miocene, the Red Crag as Pliocene, and the Mammaliferous Crag 
as Pleistocene. 

In 1849 Prof. Prestwicht established the fact that the fossili- 
ferous clay and sand of Chillesford overlie the Red Crag, and 
sometimes overlap on to the Coralline Crag. These Chillesford 
Beds were, he thought, the result of tranquil accumulation, whilst 
1;he Red Crag showed every sign of a disturbed condition of the 
water."!. He gave a list of pits in Coralline Crag, in Red Crag, 
and in Chillesford Clay, between the Aide and the Butley River. 

In 1852 LyellJ noted the occurrence, near the top of the 
shelly Crag at Wherstead, of a bed of unrolled flints, with some 
flint-pebbles, the upper parts of the stones being encrusted with 
barnacle-shells, whilst the lower surfaces are free, and inferred 
that the action of the currents which brought the Crag here was 
suspended for a time, so that the smallest pebbles were not over- 
turned, as otherwise the barnacles would be found on the lower 
side or on both -sides. 

The first paper on the Crag by S. V. Wood, jun., appeared in 
1864.§ The Red Crag is divided by this author into two parts, 
one with none of the characters of a deposit formed under water, 
the other with those characters. Of the former there are four 
stages (beach stages), whilst the latter is more or less horizontal. 
The lowest three stages of the beach Crag are not quite constant 
in their direction (that is, the direction of the so-called false- 
bedding), and cannot be well identified in difEerent sections ; but 
the uppermost stage, from its thickness and from its "having been 

* On the Eelative Ages of the Tertiary Deposits commonly called " Crag," in the 
Counties of Norfolk and Suffolk. Mag. Nat. Hist, ser. 2, vol. iii. p. 213. 
f Quart. Joitrn. Geol. Soc, vol. v. p. 345-353. 
t Bep. Brit. Assoc, for 1851, Sections, pp. 65, 66. 
I Ann. Nat. Hist., ser. 3, vol. xiii. pp. 185-203, pi. xvii. 



<4 RED CRAG. 

less denuded by a succeeding stage than the others have been, 
can be accurately identified. The direction of the oblique laminae 
of this fourth stage is from N.N.E. to S.S.W. at angles varying 
from 25° to 35", south of Hollesley. 

The constancy of direction and the parallelism of the planes 
preclude, according to Wood, any idea of false bedding under 
water, and in one place only in Suffolk (Butley) is there any 
indication of a water-deposit. At Walton Naze, however, below 
other Crag, a greyish- brown bed, without stratification, yields 
sheUs in the condition in which they died, bivalves with the valves 
united, (which happens in no other Red Crag bed) and not con- 
taining those derived Coialline Crag shells that make up so much 
of the mass elsewhere. 

The fifth or water-deposited stage does not always occur over 
the lower stnges. It is under this stage alone that the workings 
of phosphatic nodules occur, and where beach stages rest on the 
London Clay the nodule-bed does not occur. This bed thins oiF 
as the fifth stage Crag leaves the clay and rises over the beach 
stages. Though this stage is water-deposited yet the shells are 
not like those of the above-noted bed at Walton, but are as worn 
as those of the beach stages, from which they seem to have been 
mainly derived. 

The beach stages, in Wood's opinion, seem to have resulted 
from a sea forced back by the growth of beach which it had heaped 
up, until, by a slight subsidence, the sea planed down the old 
beach and again began the process of beaching up. 

At Chillesford the fifth stage passes up into the sands and 
clays described by Prestwich (1849). Our author concluded that 
the Fluvio marine (Norwich) Crag is as old as the Red Crag, and 
probably older than the fifth stage. 

Six pages of the paper are devoted to the Drift, and an 
appendix gives the places of sections of Eed Crag, noting the 
stages shown. 

in 1865 the same author* referred to the subjects of his 
paper of the previous year, inclining to the belief that the 
horizontal Crag is the re-deposit of the material of the beach 
Crag, and doubting that the former is part of the Red Crag. 
He corrects the statement in his last paper that phosphatic 
nodules occur only under the horizontal Crag, being satisfied that 
some thin traces referred to this stage from the presence of 
nodules, really belong to the beach series. 

In 1866 the Rev. O. Fisherf came to the conclusion that the 
Chillesford Clay underlies the Fluvio-marine or Norwich Crag 
(an error abandoned afterwards), having found brown clay at the 
bottom of the Thorpe pit, near Aldborough. Beneath the Chiiles- 
ford Clay (in the Aldborough and Orford District) he noted sand, 
with shells of Mya in their burrows, then other sand, and then 
the Red Crag. 

* Remarks in Explanation of the Map of the Upper Tertiaries of Norfolli:, Suifolk, 
etc. (with Map and Sections as separate sheets). Privately printed, 
t Quart. Journ. Geol. Soc, vol. xxii. pp. 19-28. 
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R. A, 0. Godwin- Austen* In the same year criticised the per- 
centage test of age as liable to fluctuation ; parallelled the 
Scaldisian Jbeds of Antwerp with the Red Crag, both consisting 
largely of derived sheila ; limited the Orag sea in Suffolk at 
Bentley, Ipswich, and Woodbridge, but included as of Crag age 
beds which are now knov/n to be later, such as those of Grays 
and Kelsey. He likewise gave a map of the Crag-sea area. Pie 
thought that there is a great break between the Crag and the 
Boulder Drift. 

In the same year S. V. Wood,t controverting Mr. Fisher's 
conclusion, noted above, agreed with that of his son, as to the 
passage upwards of Red and Norwich Orag into Chillesford Beds, 
and gave the name Scrobicularia Crag to the top, or horizontal, 
stage of the Red Crag. He referred chiefly to palseontologlcal 
evidence, which shows one of the most rapid faunal changes, 
measured by the thickness of the beds in which it occurs. The 
oldest part of the Red Crag is, he thought, palseontologlcally 
nearer to the present time than to the Coralline Crag ; and the 
newer deposit shows evidence of change by stages, the oldest 
having some aflSnitles with the Coralline Crag, but more with 
the Mediterranean sea, whilst the newer stages have few shells, 
and those of northern type. The oldest stage is that of Walton 
Naze, the fauna of which shows a connection with more temperate 
seas, and an absence of northern forms. The next division is 
that from which were got the chief part of the shells described 
in the Monograph on the Crag Mollusca, and which occurs 
between the Stour and the Deben, and on the left banli of the 
estuary of the latter : It has mostly a highly oblique bedding, 
referred to beach action ; shows an intermingling of the Walton 
fauna with the northern one of the succeeding horizons ; and 
includes some shells probably derived from the Coralline Crag. 
The next division occurs around Butley, Chillesford, and Sud- 
bourne, and though In structure like the last, has ^ dlsslmlhir 
fauna, but with many forms that occur at Sutton. Above this 
Is the uppermost division of the Red Crag, marked by the 
incoming of Scrobicularia piperata, the fauna of which is small 
In number of species. Separated from this by a few feet of sand 
is the Chillesford sand (Mya-bed of Mr. Fisher). S. V. Wood, 
jun., added some diagram-sections in Illustration, with a list of 
the actual sections on which they are based. 

In 1868 R. A. C. Godwin- AustenJ gave a summary of our 
knowledge of the Crag, reviewing the conditions under which it 
was deposited, remarking that the Red Crag is a complex assem- 
blage, in spite of Its small vertical size, and that at Walton Naze 
alone do we find this old sea-bed in Its original state, undisturbed, 
elsewhere the Red Crag being re-arranged and relatively of shallow 
water accmnulation. 

* Quart. Journ. Geol. Soc, vol. xxii. pp. 229-232, 237-239, 245, 246. 
t lUd., pp. 538-552. 

t Gcol. Mag., vol. v. pp. 469-478 ; Geol. Nat. Hist. Repertory, tol. ii. p. 229 ; 
and Rep. Brit. Assoc, for 1868, Sections, p. 70. (1869.) 
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In 1869 the Eev. O. Fisher* regarded the Norwich Crag and 
the Red Crag as of the same age, as they seem to pass into one 
another ; gave up his opinion that the clay under the Crag at 
Thorpe (near Aldborough) is Chillesford Clay ; and remarked 
that the change from Red Crag to Norwich Crag seems to occur 
where the two provinces are partially separated by a ridge of 
Coralline Crag. 

In 1870 Prof. E. Ray Lankester,| from the occurrence of 
different shells in the higher and lower parts of the Red Crag, 
inferred that this deposit represents a considerable time. In 
its earlier period the Red Crag had a fauna not very different 
from that of the Coralline Crag, and with some survivors from 
the still earlier Diestian ; in its later period none of these forms 
remained, but boreal forms were added. Contemporaneously with 
the newer Red Crag the Norwich Crag began to be formed, con- 
tinuing, Prof. Lankester thought, to be deposited in Norfolk to a 
later time than we have evidence of in Suffolk. 

In the following year Prof. Prestwich contributed a set of 
three papers on the Crag. Of these the secondj is devoted to 
the lied Crag, which is described as lying in an excavated area 
in the Coralline Crag, wrapping round the isolated reefs of the 
latter and Blling the hollows between [it should be noted that the 
reefs are comparatively small and the hollows of wide extent]. He 
divided it into two only, instead of the five stages of Wood, the 
lower part marked by oblique lamination, and the upper by 
horizontal bedding. The phosphate-bed occurs at the base of the 
lower division, the direction of the lamination of which varies to 
almost all points of the compass, and this false-bedding is most 
general in the upper part of this division. Sometimes beds have 
been eroded before the deposition of those over-laying them. He 
had seen ripple-marks in only one place, Bawdsey Cliff, where 
each of the clayey laminte of one bed had a ripple-marked surface. 
Another feature sometimes seen there seems, he thought, to show 
that the shoab of the Red Crag sea were sometimes left dry, 
their surfaces fissured by drying, and the cracks filled with the 
matter of the bed next thrown down : while elsewhere a layer has 
been pressed down into those below, causing a wavy structure, 
and the upper part has then been planed down. The introduction 
of the oxide of iron, which colours the beds, seems to have been 
subsequent to their formation, and in one case it has segregated 
in flattened concentric shells, the longer diameter of which may 
be many feet in length. 

Prof Prestwich further points out that the lower division 
generally abounds in shells, mostly broken, double shells not 
being common ; and that save the old shore at Sutton, no place 
can l)e easily found where the shells are on the spot where they 
lived. Notwithstanding the great number of shells, the abundant 



* Geol. Mag., toI. vi. p. 142. 

t Quart. Jimrn. Geol. Soc., vol. xxvi. pp. 493-502. 

X Ibid., vol. xxvii. pp. 325-356. (1871.) 
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species are few. In places, especially away from the centre of 
the district, the beds are almost shell-less, or the shells occur in 
patches. This may be due either to the original absence of shells, 
or to their removal by percolation of rain-water, for where the beds 
are consolidated by iron-oxide casts are sometimes met with. 

The author alludes to the difficulty of marking the line between 
the two divisions (the upper of which he once called " the unpro- 
ductive sands," from the absence of fossils, which, however, have 
since been found in places), and notices sections showing a line of 
erosion between them. The upper division is the Chillesford 
Sands, succeeded by the Chillesford Clay, which is also classed 
with the Red Crag. 

Details of many sections are given in the same paper, with lists 
of the fossils from some. The fossils are of two kinds, those proper 
to the formation and those derived from other formations. Of 
these latter, which are important, some may have been doubly 
derived, from the Coralline Crag, which got them from older beds. 
With regard to the Mollusca there is a difference of opinion as to 
which are derived species ; but the author is inclined to think 
that the greater number of the species found in the Suffolk Crag 
but not in the Norfolk Crag have been derived from the Coralline 
Crag. 

The lamination that Wood referred to beach-action was regarded 
by Prof. Prestwich as having been produced by the shifting of 
shoals and sand-banks at "the bottom of the sea, which was shallow 
and studded with reefs of Coralline Crag; whilst in winter the 
distant Chalk and Tertiary shores were fringed with ice, which 
floated off large flints and deposited them in the Red Crag. The 
constant shifting of materials would result in the heavier parts, 
as bones, pebbles, and phosphatic nodules, being left behind and 
thus tending to accumulate in the basement-beds. The conse- 
quence of the reconstruction is that the shells are much broken 
up. The currents seem to have flowed from a direction varying 
between east and south-east, and the Red Crag sea seems to have 
been open to the north, but probably closed on the south. There 
is no distinction in the fossils from top to bottom of the lower 
division, after the deposit of which there was a slight subsidence. 
From the lower part of the upper sands having been formed from 
the lower Red Crag there is a similarity in mineral composition ; 
but as the sea-bed became more depressed the sands became finer, 
until they passed up into the micaceous sands and clays of the 
Chillesford Beds. 

In the third part of this set of papers* Prof. Prestwich referred 
chiefly to the Norwich Crag area, and concluded that this was 
divided fiom the more open sea of the Red Crag by a barrier of 
Coralline Crag, streams flowing into the northern area, and 
carrying in land and freshwater shells. A list of the Mollusca 
of the Red and Norwich Crags, to a great extent on the authority 
of Dr. J. G. Jeffreys, is given. 

* Quart. Journ. Geo!. Soc, vol. xxvii. pp. 452-496. 
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In the same year (1871) Messrs. A. and E. Bell* suggested the 
terms Lower, Middle, and Upper Crags, instead of Coralline, Red, 
and Norwich. They held that there is no evidence for separating 
from the fauna of the Eed Crag any species except such as are 
of Eocene or older date, regarding the signs of a supposed 
derivative origin as not really such. They proposed to class as 
Middle Crag the lower deposits, from Walton Naze westward to 
Bentley and eastward to Butley and HoUesley, as Upper Crag the 
uppermost beds of the Red Crag, the Scrobicularia Crag, and the 
Norwich Crag. There is no order of succession physically, but 
only palseontologically. The fauna of the Red Crag has two 
aspects, a deep-water one and a shallow-water one, and this 
explains the difficulty in comparing different pits. 

In 1871 Dr. J. E. Taylorf concluded that the Norwich 
fluvio-marine Crag is an extension of the Red Crag, that, after 
depression, the Upper Norwich (marine) or Chillesford Crag was 
deposited, and that there is an unbroken sequence from Coralline 
Crag to the latest Drift deposit. 

Mr. A. BeUJ in the same year controverted Dr. Taylor's view 
that Chillesford sand occurs at the Butley Crag Pits and gave 
a long list of the fossils found there. It should be noted that 
he classed Chillesford Beds as Pre-Glacial, as distinguished from 
Crag. 

In 1872 Mr, A. Bell§ reviewed Prof. Prestwicii's papers. He 
thought that the presence of Dieatian fossils in the Crag may 
be explained otherwise than has been supposed, and defended his 
views of the year before. 

In the same year Messrs. A. and R. Bell|| gave a fuller version 
of their paper of 1871, with a review of some of Prof. Prestwich's 
work, and a long list of fossils. 

S. V. Wood, jun., and Mr. F. W. Harmer,i" treated of the beds 
with which we are now concerned, giving a map and sections. 
They regarded ihe oblique lamination of the Red Crag as different 
from false bedding, and as the result of beach-action (as in 
Wood's paper of 1864), the deposit being the remains of a set of 
banks that were more or less dry at low tides and from time to 
time partly swept away and again accumulated. If the mass of 
the Crag had been deposited under water the large stones, often 
so abundant at its base, might be expected to be found scattered 
throughout. The conclusions of S, V. Wood's paper of 1864 are 
adopted here, the stone-bed is regarded not as a land-surface, but 
as the result of clifF-waste, and the mammalian remains of the Red 
Crag are looked upon as wholly derivative, occurring only in the 
nodule-bed at the base, which is regarded by those authors as 
clearly a bed of erratics. 

* Oeol. Mag., vol. viii., pp. 256-263. 

t iZiiU, pp. 314-316. 

J Ibid., pp. 450-455. 

§ Ibid., vol. ix. pp. 209-215. 

II Proc, Geol. Assoc, vol. ii. no. 5, pp. 185-218. 

•jy Supplement to the Crag MoUusca, Part 1, pp. v-xiii. (1872.) 
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Mr. G. Scott* in 1872 included in the EedCrag beds, of rough 
red-sand without shells, at the top, and described the bone-bed. 

Lyell in IS/Sf noticed the gradual lowering of tempera- 
ture shown by the shells of the Orags, those of the Coralline 
Crag representing a climate like that of the Mediterranean ; those 
of the Red Crag one like that of our own seas, and those of the 
Norwich Crag being almost Arctic. He thought that the large 
unrolled white-coated flints of the nodule-bed were probably 
carried by ice. 

Next year,t in describing the Red Crag, the same author 
compared it to shifting sandbanks, like those of the Dogger 
Bank. 

In the same year S. V, Wood,§ reviewing the palaeontology of 
the Crag, remarked that species formerly abundant had of late 
eluded search, though within a few yards of, and at the same 
horizon as, the place of former occurrence ; while some once 
thought rare had become more plentiful. He criticised the work of 
Jeffreys on Crag MoUusca, and thought that if any period can be 
called " the cradle of the British MoUusca," it is the Red Crag 
rather than the Coralline. The list of extraneous fossils (of his 
paper of 1859) was thought by him to need additions. The only 
part of the Red Crag free from derivatives is that at Walton 
Naze. The Red and Fluvio-marine Crags and the Chillesford 
Beds he regarded as parts of one formation, during the accumula- 
tion of which only slight changes in the position of sea and land 
occurred. The lists of the Marine MoUusca given in Wood's 
Monograph show almost the same per-centage of extinct forms in 
the case of the older Red Crag as in that of the Coralline. 

In this year Mr. Whitaker drew attention to a great extension 
of the Crag area, in the south-western part of Suffolk, around 
Sudbury. He also recorded the discovery of Red Crag at 
Thaxted, in Essex. || 

In 1877 Dr. J. E. Taylor, in an account of an excursion to the 
Crag DistrictjT suggested that the Baltic represents the condition 
of the later period of the Red Crag better than anything else, its 
water being partly brackish, with freshwater shells side by side 
with marine ones, as in the Fluvio-marine Crag. 

S. V. Wood, jun., and Mr. F. W. Harmer** in the same year, 
referring to the unfossiliferous sand that often occurs above the 
shelly Crag, showed that it seems in some places to pass down 
into the Crag by thin seams of comminuted shells ; that at others 
the bedding is independent of the shelly Crag beneath ; and 
that sometimes it has the same oblique lamination as the Crag, 

* 19 Ann. Rep. Brighton Nat. Hist Soc, pp. 64-68. 

f The Geological Evidences of the Antiquity of Man. Ed. 4. 8vo. London. 
pp. 248-254. 

J The Student's Elements of Geology. Ed. 2. 8vo. London, p. 176. (1874.) 
§ Supplement to the Crag MoUusca. Part ii., pp. 190-221. (1874). 
[| Quart. Journ. Geol. Soc, toI. xxx. pp. 403-405. 
IT Proc. Geol. Assoc, vol. v. no. 3, pp. 108-113. 
** Quart. Journ. Geol. Soc, vol. xxxiii. pp. 74-78. 
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apparently disconnected masses of which are imbedded in it here 
and there. Notwithstanding certain difBcuIties, these authors now 
accept Mr. Whitaker's view that this sand is Crag deprived of its 
shells by the infiltration of water, casts of the shells being left 
where there is ironstone ; for in one case a layer of pebbles 
extends continuously from the shelly Crag into the sand. They do 
not agree with Prof Prestwich in referring this sand to the upper 
or Chillesford division of the Red Crag, because the casts of 
shells in the ironstone are not of species characteristic o£ the 
newer (or Butley) part oi" the Eed Crag or of the Chillesford 
Beds. 

In the same year, when describing the patches of Red Crag at 
"Walton Naze, Beaumont, and Harwich,* Mr. Whitaker suggested 
that the shell-less sand above was but the result of the alteration 
of the shelly Crag below, and in a note devoted to this subjectf 
showed that what had been supposed to be a line of erosion was 
only one of irregular alteration, the lines of false-bedding of the 
shelly Crag being sometimes continued into the sand above ; that 
this irregular dissolving away of the shells explains the apparently 
isolated masses of Crag in the sand, and that this unfossiliferous 
sand extended beyond where the shelly Crag had been observed. 

In 1877 Mr. E. Charlesworth, in reprinting a notice, by Prof. 
Lankester, of the Crag fossils in the Ipswich Museum (from the 
Suffolk Chronicle of August 4), recurred to the subject of the pro- 
spective exhaustion of the nodule-bed, and in the following yearf 
he gave a note on English Crag History, referring especially to his 
earlier work, and remarking that the Red Crag is the record of a 
past state, like that where our Crag cliffs are now being washed 
by the sea, in the bed of which new formations are in progress, 
partly made up from remains of the present fauna, and partly 
from the fossils carried away from the land. 

In the same year (1878) Mr. Whitaker described the sections 
of the westerly extension of the Crag (at Sudbury)§ noted in his 
paper of 1874, and suggested that possibly some sands that had 
been classed as Drift might turn out to be Crag, a question also 
alluded to in a later Memoir. || 

In 1879 S. V. Wood in his Second Supplement to the Crag 
Mollusca,1f treated of the introduction into Crag lists of new 
species on unsatisfactory evidence, either from doubtful identifi- 
cation, or as being simply derivatives, and gave an addition to the 
Synoptical List of Mollusca in the First Supplement. 



* The Geology of the Eastern End of Essex . . . {Memoirs of the Geological 
Survey), -p^. 10-16, (1877.) 

f Quart. Journ. Geol. Sac., vol. xxxiii. pp. 122-, 123. 

.■j: Fossil Exploration of Suffolk Crag (Orford Castle) and Hampshire Eocene 
Cliffs, pp. 8. 8vo. London. Privately printed, 1878. 

§ The Geology of the N.W. Part of Essex . . . {Memoirs of the Geological 
Survey), pp. 30, 31. 

II The Geology of the Neighbourhood of Stowmarktt, {Memoirs of the Geological 
Survey), p. 5. (1881.) 

IT Palceontographical Soc, pp. i., ii., 54, 55. 
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In 1880 S. V. Wood, jun.,* remarked that the formations from 
the Red Crag upwards — except the recent deposits— should be 
studied as one group, for they were all accumulated, he thought, 
during one continuous movement o£ depression and re-elevation. 
The whole of the strata included in this group he classed as 
Newer Pliocene. The mode of formation of the different deposits 
wag fully treated of by this author, who traced step by step the 
physical changes which he considered to have caused the varia- 
tions in the character of the strata and in their included fauna. 

In 1882 appeared the last contribution from the pen of S. V. 
Wood,! which gave a list of the MoUusca from the Red Crag at 
Felixstow, distinguishing the species that have been derived, firstly, 
from beds older than the Red Crag, secondly, from earlier Red 
Crag beds ; also a supplementary list for Walton Naze, by R. G. 
Bell. He referred to the contrast between the Crag of Walton 
and that of Felixstow and stated that the fragmentary condition of 
many shells at Felixstow, which are abundant in a perfect state at 
Walton, must be owing to derivation. Between the deposit of 
these two divisions of the Red Crag certain species, he thought, 
had ceased to exist in the Crag sea, and others had been brought 
in, whilst in the Butley Crag this change is ftirther marked. He 
traced the sequence of events during the Pliocene period in 
England, and re-stated the conclusion that all but the top part of 
the Red Crag was formed between high and low-water mark as 
banks which were continuously undergoing destruction and re- 
accumulation. 

S. V. Wood, jun., added to this communication some remarks 
in correction of the map and section in the First Supplement 
( 1 872) ; and whilst classing much of the sand over the Red Crag 
as Lower Glacial, allowed that some is merely Crag from which 
the calcareous matter has been dissolved. 

In 1 884 R. Gr. Bell J remarked that few traces of land and fresh- 
water shells have been found in the Red Crag, which is the more 
notable as the deposit must have been formed at no great distance 
from shore. All the specimens are of living British species of 
wide range, and are first found in this bed. This author noted 
the finding of three additional species in the lower part of the 
Crag at "Walton Naze, and remarked that their present geogra- 
phical range, compared with that of the land-shells from the 
Butley Crag, leads to the same conclusion as that deduced from 
the marine species, the shells of Walton being mainly southern, 
whilst at Butley there are more of northern kinds. 

In 1885 Messrs. Whitaker and Dalton'§ described in detail 
the greater part of the Red Crag area ; and during the years 

* Quart. Journ. Geol. Soc, vol. xxxvi. pp. 457-459. 

t In the posthumous Third Supplement to the Crag MoUusca, edited by his sou, 
S. V. Wood, Jun., pp. 13-24. 

J Geol. Mag., dec. iii. vol. i., pp. 262-2fi4. 

§ The Geology of the country around Ipswich, Hadleigh, and Felixstow. 
{Memoirs of the Geological Survey), pp. 29-71. 
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1886* and 1887t the rest of the Geological Survey Memoirs 
referring to that region appeared. 

From the foregoing historical account of the literature relating to 
the Red Crag it will be understood that there is no definite division 
between Red Crag and Norwich Crag, and that if we here keep 
them separate it is more as a matter of convenience in describing 
different areas than as indicating any leaning to the opinion that 
they represent distinct periods. What appears to happen is, that 
successive stages of the upper Crag overlap each other as they 
are followed northward. At the southern extremity of the area, 
at Walton, we find the oldest Red Crag, a deposit yielding a 
fauna closely allied to the Coralline Crag. A few miles north- 
Avard this is lost, and the Red Crag of Sutton and Butley, with 
many arctic moUusca, rests directly on the Coralline Crag. 
Above the typical Red Crag near Butley comes a higher and 
lighter coloured division, the " Scrobicularia Crag" of S. V. 
Wood, which seems to correspond very closely with the Norwich 
Crag. Proceeding northward we pass an area where the strata 
may be called either Red Crag or Norwich Crag ; but in the 
Waveney Valley the upper division has overlapped the lower 
ones and rests directly on Eocene or Chalk, the strata belonging 
undoubtedly to the Norwich Crag type. A corresponding overlap 
to the northward of still newer beds causes the Weybourn Crag, 
which in the Bure Valley overlies the Norwich Crag, to rest 
directly on the Chalk near Cromer. 

For the purpose of this Memoir it will scarcely be necessary to 
describe all the sections in the Red Crag, especially as the details 
will be found in the Geological Survey Memoirs relating to the 
diflferent areas. Instead of going over the same ground again we 
will select the sections of interest, and those illustrating the changes 
the deposits undergo as they are traced northward. We shall by 
this means avoid overloading the Chapter with detail, for Crag 
pits are found in hundreds, and are constantly becoming over- 
grown, or are ploughed over, while others are opened. 

A glance at the • Map which fonns the frontispiece to this 
volume will show better than any description the area over which 
the Red Crag extends. But it should not be forgotten that the 
present extent of the strata does not necessarily correspond with 
their original importance, and that, to the southward at any rate. 
Red Crag must once have covered a wider area, for outliers cap 
several of the hills. An outlier at Sudbury shows that it must 
also have extended further to the west. 

Commencing with the southernmost of these outliers — that on 
the low hill at Walton Naze — we find a thin stratum of Crag, 
occasionally shelly, lying between the London Clay and some 
newer clays apparently belonging to the Chillesford Series. If it 
were not for the interesting fauna found in this sand, little notice 

* The Geology of the country around Aldborough, Framlingham, Orford, and 
Woodbridge. (Memoirs of the Geological Survey), pp. 12-19. 

t The Geplogy of Southwold, and the Suffolk Coast from Dunwich to Covehithe. 
Ibid., pp. 6-15. 
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would be taken of the Eed Crag at Walton, for it is thin, of small 
extent, and a large portion of it is decalcified. S. V. Wood, 
jun.,* and Prof. Prestwichf both give diagrammatic sections of 
Walton Clifi", in which the marked tendency of the different 
Pliocene strata to overlap on to the London Clay is distinctly 
shown. Mr. Whitaker, who has recently studied the deposits, 
notes the following section made up from observations taken at 
many points. J 

OUff-section at the Naze, 1871. • 

Clayey soil. 

Fine gravel up to 7 feet or more. 

Ohillesford Beds ? Light-coloured (grey and brownish), more or less 
bedded sandy clay, loam, and clayey sand ; here and there with flints, 
flint pebbles, and quartz-pebbles, and sometimes a little sand ; often with 
a layer of pale purplish clayey sand, sometimes a thin peaty layer (in 
places with weU-preserved wood), and sometimes pebbles and flints at the 
bottom. TJp to 7 feet. 

'Brown and buff sand, false-bedded ; sometimes with many 
small quartz-pebbles, and some small phosphatic nodules : 5 
or 6 feet, but not constant, and sometimes passing into the 
bed below. 
Eed J Brown and grey sand with shells and ferruginous nodules. 
Crag I false-bedded ; sometimes with thin layers of hardened clay 
and, in the upper part, many small black phosphatic nodules 
and small quartz-pebbles. 
Thin bed of phosphatic nodules and phosphatized bones at the 
bottom ill places. 
London Clay, brown at top, but soon getting grey. 

When re-examined in 1886, the northern part of the section 
showed little-altered shelly Crag, consisting in places of light- 
coloured, sometimes almost white, shell-sand with scattered whole 
shells. Except Pholas imbedded in cement-stone, no shells with 
the valves united were met with, and the great majority of the 
moUusca were broken and water-worn. At a distance the Crag 
appears to be fairly evenly bedded, with alternating bands of 
reddish and bufE sand. But this bedding proves to be deceptive, 
when examined more closely, for the ferruginous lines merely run 
parallel with the clays above and below the Crag, the greater 
part of the Crag being strongly false-bedded, though perhaps not 
at such high angles as in most other sections. Oxidation here 
produces a result the exact converse of that ordinarily met with. 
At Walton false-bedded sands seem to be evenly-bedded, but 
more generally oxidation of the beds tends to give a deceptive 
appearance of current-bedding. 

It has already been observed that the principal interest of the 
Walton Orag lies in the close resemblance of its fauna to that of 
the Coralline Crag. At Walton, according to S. V. Wood, the 
fauna is also nearly free from the mixture of derived specimens 
from other deposits, such as occur so abundantly at nearly every 

* Quart. Journ. Geol. Soc, vol. xxii., p. 548 (1866) ; and Supplement to the 
Crag MoUusca. Introduction. Pal. Soc. (1872). [Section xxi.] 
t Ibid., vol. xxvii. p. 333. (1871.) 
I Geology of the eastern end of Essex. (Memoirs Geol. Survey), p. 13. (1877.) 

F 2 



84 



EED CRAG. 



Other Red Crag section.* Mr. Wood thus analyses the list of 
molluscat : — 

Molluscafrom the Walton Grag. 



Britisli and not Mediterraneau 
British and Mediterranean 
Mediterranean and not British. 
Neither British nor Mediterranean - 
Not known living 

Total 



13 
61 
14. 
10 

60 

148 



Reducing these figures to per-centages, for convenience of 
comparison with the Coralline Crag, the numbers are : — 



British and not Mediterranean 
British and Mediterranean 
Mediterranean and not British 
Neither British nor Mediterranean 
Not known living 



Walton 
Red Crag. 



This table shows at a glance the slow change that the fauna is 
undergoing. Extinct species are fewer, southern species are 

Fig. 11. 




Trophon antiquus, Linn., 

reversed variety. 

Half natural size. 




more rare, and those be- 
longing exclusively to 
British or northern seas 
are more plentiful. The 
real extent of the differ- 
ence is, however, not 
brought out by this test. 
If we take into account 
the number of individuals, 
the increase of northern 
forms is very marked in 
the Crag of Walton, and 
we find also that charac- 
teristic Upper Pliocene 
forms, such as the re- 
versed whelk, Trophon 
antiquus (Fig. 11), occur 
plentifully, though quite 
unknown, either in Eng- 
land or in Belgium, in 
the older deposit. Most 
of the common mollusca 
of the Walton Crag are 



* Prof. Prestwich observes, however, that fragments of Coralline Crag lime- 
stone do occur at Walton. 

t Supplement to the Crag Mollusca, p. 219. 
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also common species in the next higher division, but certain 
of the most abundant shells of the higher Red Crag seem to 
be entirely absent from Walton. Among these are the three 
species of ^Tellina, T. obliqua, T. lata, and T.. prcBtenuis, which 
often constitute a considerable part of the bulk of the Crag, and 
also the Nucula Cobboldia and several species of Leda found 
nearly everywhere in the upper Eed Crag.* Very little is yet 
known of the land fauna of the older portion of the Eed Crag, 
but it is interesting to find that of four species of Helix {H. rysa, 
H. lens, H. incamata, and H. lactea), found at the base of the 
deposit at Walton, one is extinct, and the other three have an 
exclusively southern range. A complete list of the fossils from 
Walton will be found in the Appendix. 

On the high ground at Beaumont (about 5 miles west of 
Walton) occurs shelly Red Crag, from which John Brown, of 
Stanway, obtained over 90 species of mollusca. The area of the 
outlier is about a quarter of a square mile, but there is now no 
section. The sand evidently belongs to the newer part of the 
Red Crag, for it contains several of the northern species missing 
at Walton. Red Crag also underlies later deposits on the hills 
between Little Oakley and Harwich. The outlier at Harwich, 
described by Dale in l704,t has now almost disappeared, though 
as late as 1872 Mr. Whitaker was still able to find a few fragments 
of shell at one spot on the top of the cliff. 

The other outliers in Essex, except those of Thaxted and Stoke 
mentioned below, are of little interest. They show disconnected 
outcrops beneath the newer deposits which cap low hills near the 
south bank of the Stour, between Harwich and Nayland. At 
Wrabness the Nodule Bed has been worked, and ferruginous sands 
with casts of shells were noticed by Mr. Whitaker as occurring 
at Mistley, Langham, and Boxstead. None of the sections now 
show shelly Crag, though such is mentioned by the Rev. W. B. 
CiarkeJ as found at Blackbrook Hill. 

North of the River Orwell the Red Crag covers a wide expanse 
of country, though commonly outcropping from beneatli newer 
deposits along the valleys. The southern limit of the more 
continuous area follows an approximately east and west line, 
passing near Manningtree and Nayland, and bending northward 
and eastward to the south of Hadleigh, and then to Ipswich. 
Still further west an outlier at Sudbury shows that Crag un- 
doubtedly extended much further in that direction, and over- 
lapped most of the Eocene beds, till it rested directly on Thanet 
Sands, and in places touched the Chalk. Even 16 miles beyond 
Sudbury traces of Crag occur at Thaxted, in Essex, but there, 
and at Stoke, they are so mixed with glacial deposits that it is 



* See also Introductioa to the Crag Mollusca, — PalcEOntographical Society, 
p. vii. 

t Phil. Trans., vol. xxiv. (No. 291), pp. 1568, 1569. 
j Trans. Geol. Soc, ser. 2, vol. v. p. 362. (1840.) 
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uncertain whether the beds are in place. It should be remem- 
bered that the movement of the ice has been from east to west, 
and in the east of England there is often a considerable transport 
of loose deposits to the west. The following is taken from Mr. 
Whitaker's account of these interesting outliers, which were first 
discovered during the Geological Survey of the district.* 

The most westerly traces of the Crag noticed were on the south 
of Thaxted, in a deep water-course half a mile south-south-east of 
the church. Tliere Messrs. Whitaker and Penning found some 
small phosphatic nodules and a piece of phosphatized bone in a 
thin layer of gravel at the bottom of sand, lying on London 
Clay ; besides some larger phosphatic nodules on the surface 
further south, at the junction of the sand and clay.f Mr. Whitaker 
also found a piece of phosphatized bone in the flint-bed at the 
base of the sand resting on the Chalk, near Stoke. A mass 
of shells was said to have been found at one spot just above this 
flint-bed, and some that were preserved vrere the common shell 
at Sudbury, Purpura lapillus. 

At the north-east edge of Sudbury, by the side of a footpath 
running north-east from near the top of Suffolk Eoad, two small 
chalk-pits (Webb's) gave the best sections of the Crag visible in 
1873-5. The further of these showed the following beds : — 

Boulder Clay, at one spot, cutting down to the greensand of the Thanet 
Beds. 

TFerruginous sand, slightly false-bedded ; in parts a light- 
coloured grit, with broken shells, unbroken specimens of 
Ked I ■Pwp^wos lapillus, layers of ironstone, and at the bottom a 
Crae "^ ^""^ ^^^ ^^^ material. A line of pebbles, &c. lies about 
°" 2 feet from the bottom. Up to 6 feet thick. 

Layer of flint-pebbles, phosphatic nodules, and flints, 3 to 12 
L inches. 
Clayey greensand, with green-coated flints (base of Thanet Beds), 1?, to 

2 feet. 
Chalk. 

Other sections in the immediate neighbourhood are similar, the 
greatest thickness of Crag seen being about 10 feet. 

The following revised list of the fossils from the Crag at Sud- 
bury suffices to prove that the strata belong to the Red Crag, 
but does not show whether they should be referred to the upper 
or lower division : — 

Littorina littorea. Modiola modiolus. 

Nassa retioosa, var. elongata. Mya arenaria. 

Natica, sp. Mytilus edulis. 

Purpura lapillus, var. orispata. Panopsea P 

Trophon antiquus, var. contraria. Pecten opercularis. 

Auomia ephippium. Tellma, sp. 

Oardium Parlnnsoni. Balanus. 
Mactra, sp. 



* See also Geology of the N.W. part of Essex .... (Mem. Geological 
Survey) (1878), pp. 30 and 31, and Quart. Joum. Geol. Soc, vol. xxx. d 401 
(1874.) *^ ■ 

t The elevation is about 230 feet, a much greater height than the Red Grae 
reaches elsewhere. " 
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About 5 miles north-west of Hadleigh, another outlier, in the 
Chalk Pit, marked on the Map, just south-westward of Monks' 
Eleigh Church, gave the section Fig. 12. Just to the left the 
Boulder Clay rests directly on the Chalk. 

Fig. 12. 

Section in Chalk Pit, Monks' Eleigh (about 25 yards long). 
(W. Whitaker.) 

^•"•^- S.S.E. 



I > ^' ' ''. T^^ ^ • '■ »|„. '111. yvyrii- 



a. Boulder Clay ; 4 to 8 feet. 

b. Coarse Gravel, at S.S.E., elsewhere ouly a trace, and finer ; up to 4 feet. 

c. Bed Crag. Light-coloured sand, -with iron-sandstone, ironstone (? cast of 

shell) and at the hottom flints, fiint pebbles and phosphatic nodules, a piece 
of bone and several sharks' teeth ; up to 2 feet. 

d. Chalk with a few flints ; 12 feet. 

This is the furthest point to which the Bed Crag has been traced, 
in a north -north -westerly direction. 

Bordering on the valleys of the Brett and Stour there are 
numerous outcrops of similar ferruginous beds, with casts of 
fossils, or only badly preserved specimens. These, however, are 
fully described in the Geological Survey " Memoir on the Country 
around Ipswich," and need not be re-describe.d here. They are 
principally interesting as helping to connect the distant outliers, 
just alluded to, with the main mass, and in themselves are of little 
interest. The pits in which fossils are well preserved all lie east 
of this area. 

The most westerly of the well-known sections in shelly Crag 
lie in the valley through which the Eastern Union Eailway passes. 
Mr. Whitaker thus describes the " Bentley Pit."* 

" The large Crog pit at Danes Barn, just east of Bentley Station, 
shows more than 30 feet of false-bedded sand, in great part a grit, 
mostly ferruginous but partly light coloured, partly compact and 
evenly bedded, with layers of iron-sandstone and of ironstone (also 
bccurring in concretions) which sometimes contain impressions and 
casts of shells in the upper part of the section. There are gravelly 
layers, with phosphatic nodules, as well as flint pebbles, one of 
which layers (near the bottom) contains a good many angular 
flints. The bottom 4 to 7 feet is shelly Crag, the shells ending off 
at top regardless of bedding, the bottom gravelly layer (which 
shows a slight northerly dip), being above the shells on the south 

* Geology of Ipswich, p. 46. (1885.) 
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and in them on the north. A few feet greater depth would reach 
the London Clay. I class the whole of the sand of. this well- 
known section with the Crag, there being no real division in it, 
the absence of shells being due clearly to nothing but dissolution 
after deposit. The top part is inaccessible." 

According to Mr. Wood the Crag of Bentley, though deqidedly 
newer, is more closely allied to that of Walton than is any other 
part of the Ked Crag ; the northern shells so conspicuous else- 
where are scarce here.* 

In the adjoining valley of Tattingstone, Mr. Whitaker notes 
that some sections showed clearly the relation of the ferruginous 
beds to the shelly Crag. He observes that " a Crag-pit nearly 
half a mile north-north-west of Tattingstone Church, on the 
southern side of and close to the farm, showed more than 20 feet 
of Ked Crag (with some small faults), consisting of false-bedded 
sand, passing down irregularly into false-bedded shelly Crag. 
There were marly phosphatic nodules in certain layers, and lenti- 
cular masses of ironstone and ferruginous loam, chiefly without 
shells. The shelly Crag was very rich in Pectunculus, and with a 
•tendency to layers of Fusus contrarius. Some of the lower part 
was made up of broken -up shells." 

" A small pit on the eastern side of the little valley, eastward of 
■ the farm named Bentley Lodge, gave the most conclusive proof 
of the dissolution of the shells of the Crag by infiltration of car- 
bonated water having been the cause of the irregular junction of 
the shell-less brown sand with the ordinary shelly Crag, the section 
being as follows : — Very coarse dark brown sand, almost all a grit 
indeed ; with a gravelly layer, 1 to 2 feet thick, above the middle, 
containing phosphatic nodules and ferruginous casts of shells, the 
stones small and scattered. Just under the gravelly layer a 
little iron-sandstone, with casts of shells, below which the sand is 
false-bedded and passes down into the shelly Crag, the line between 
being clearly one of dissolution of the shells and not of erosion, as 
it cuts across the beds, to a lower level towards the stream. Near 
the bottom is a second bed, 1 to 1^ feet thick, of small scattered 
pebbles and phosphatic nodules, with iron-sandstone, and, more- 
over, with shells or casts of shells, according to the position of the 
bed with regard to the line of dissolution, the bed being at one 
part in the shell-less, and at another in the shelly sand."f 

In the pit at Park Farm, Tattingstone, we meet with clear 
evidence of the erosion which the Coralline Crag underwent pre- 
vious to the deposition of the Hed Crag. The section is now 
obscure, but Prof. Prestwich has published J a sketch of it as 
formerly seen ; this, with his consent and by permission of the 
Council of the Geological Society, is here reproduced : — 

* Supplement to the Monograph of the Crag MoUusca, Introduction, . p. vii. 
PalaontograpUcal Society. (1872) ; and note to Synoptical List at end of 
Supplement, p. 203. (1874.) 

t Geology of Ipswich, p. 47. 

J Quart. Journ. Geol. Soc, vol. xxvii., p. 342. (1871.) 
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Fig. 13. 
Section in a Pit at Park Farm, Tattingstone . 

(Prestwioh.) 
Scale 12 feet to an iuch. 







'yy 




1. Coarse gravel. Drift. 

f 2. Ochreous sand with seams of ironstone, &o. 

j 3. Crag with a few ooprolites. 
Red Crag j 4. Light-coloured Crag. 
12 feet. 1 5. White sand. 

I 6. Brown loam. 

^7. Not described. 
8. Coraline Crag ; 8 feet. 
* Face of old cliff ; depth not shown. 

Flat pieces of the thin Coralline Crag limestones arc common in 
the Red Crag at Tattingstone. 

Red Crag outcrops almost continuously along the right bank of 
the Orwell, from its junction with the Stour to Ipswich, but the 
sections merely show ferruginous strata or shelly Crag of the usunl 
type,* and only one. of them, about two miles south of Ipswich, 
need be referred to. 

From the position assigned by Lyell to the following section of a 
pit, " about 500 yards south of the vicarage-houseof Wherstead,"t 
it would seem to be one not now open : — 

Sandy and gravelly beds, withont fossils, 8 feet. 

Shelly red Crag : near the top a layer of unrounded flints, with some 
flint-pebbles. The upper parts of these stones encrusted with 
barnacles. One flint 22 X 16 X 7 inches. 10 to 12 feet. 

The occurrence of these large unworn flints high up in the Red 
Crag is noteworthy, for though Chalk now outcrops within a mile 
of the spot, it was protected by Eocene strata during the deposi- 
tion of the Crag. The flints were probably transported from a 
much more distant source and perhaps point to the agency of 
floating ice, for the large one mentioned by Lyell must have 
weighed about a hundredweight. 

The left bank of the Orwell shows numerous sections of shelly 
Crag, which a mile or two south-east of Ipswich crops out in the 



* See Geology of Ipswich, &c. (^Memoirs of the Geological Stirvey), pp. 48-50. 
f Sir C. Lyell, iJey. Brit. Assoc, for 1851, Sections, p. 65. 
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river cliffs. At the Orag-pit (marked on the map), south of 
Mostou Farm, and about a mile and a half from Trimley, Mr. 
Whitater noted the following section in 1874, but in 1889 the 
lower strata were much obscured by talus, and the curious light- 
coloured bed at the base could not be examined : — 

A little gravel, up to 5 feet. 

f Brown sand, with, pebbles of flint and of quartz, and 
phosphatic nodules, especially in a layer at the bottom. 
This bed occurs at one part only (P a long lenticular 
mass) : to 3 or 4 feet. 

False-bedded shelly Crag, of a rather light colour, with 
pebbles and phoaphatio nodules here and there, some- 
times a thin layer at the bottom : 8 or 10 feet. 
Eed Crag. J. A small wedge of pale purpUsh sand at one part : 6 or 8 
inches. 

Brown rather clayey sand, with many short lenticular 
masses or nodules of whitish clay, flint-pebbles, and 
phosphatio nodules : 1 to 3 feet. 

Light-coloured (bufl" and grey), ironshot, fine, sharp, 
false-bedded sand, in places with small nodules of 
ironstone and very small pebbles of flint and of quartz. 



L 



" The tolerably well-marked and even junction of the lowest 
bed with that above showed a slight south-westerly dip as far as 
could be seen. Near the entrance there was a little shelly Crag, 
which seemed to dip under the lowest sand, but perhaps it is not 
in place, and I was told that London Clay had been found 
beneath the sand ; it certainly occurs along the edge o£ the 
wood just below (south) at a level but slightly lower than that of 
the pit-bottom, if at all at one part."* 

Possibly the lowest bed in the above section may be an unde- 
nuded portion of the sand from which the " box stones " and their 
peculiar fauna were derived, for in this area the masses in the 
Nodule Bed occur most abundantly and of the largest size. The 
composition of the Red Orag around Trimley is identical with 
that of the box stones, though the colours are different and the 
Crag is not phosphatized. The newer deposit has in all proba- 
bility mainly originated from the destruction of this older Pliocene 
sand ; it is quite possible that a number of the Ked Crag moliusca 
may also have been washed out of the older bed. The possibility 
of derivation from strata of this age does not appear to have been 
taken into account, though "Wood constantly warned geologists 
that a large portion of the Red Crag fossils was derived from the 
Coralline Crag. No doiibt in the box stones the moliusca are 
nearly always found in the state of casts, but it does not follow 
that there were no perfect shells in the loose sands in which these 
concretions were formed. The lowest beds in any new Orag pits 
which may be opened around Trimley should always be carefully 
examined. 

The other sections around Trimley call for no remark. Phos- 
phate was formerly extensively dug, but none of the pits are now 

* Geology of Ipswich, p. 53. 
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open and most of them have been ploughed over. The sections were 
of the usual character, and are fully described by Mr. Whitaker.* 
Eelixstow Cliffs show very fossiliferous Red Crag, extending 
for about two miles, and having a thickness in one part of about 
30 feet. This well-known section is now much obscured by talus 
and by buildings, but in Bull's Cliff Mr. Whitaker noted five or 
six recognisable beds in the Red Crag, as below. Other portions 
show shelly Crag without any divisions. 

Feet. 

1. A bed consisting cMefly of shells of Mya, but with some "| 

of Oyprina - - - - - -l6or 

2. An apparently lenticular 'mass of fine light-yellow sand, f more. 

with clayey layers at top and bottom - - - J 

3. False-bedded Orag, the false-bedding almost wholly west- 

ward - - - - - - - 6 or 7 

4. False-bedded Crag, with loamy layers, the false-bedding 

westward - - - - - - - 5 or 6 

5. An even bed, of Mya, &c., rather white, with phosphatio 

nodules ..... about 2 

6. False-bedded Crag, the false-bedding eastward, less shelly 

than the rest and with ferruginous layers. 
London Clay. 

In these cliffs the common shells are Trophon antiquus, var. 
contraria, Purpura lapillus, Pectunculus, Tellina obliqua, T. 
crassa, and Mactra ovalis, but most of the sections are now 
railed in — principally, I believe, to prevent collectors from 
pulling the cliff to pieces. 

Seams of laminated clay occur in the Crag at several spots, and 
Prof Prestwicht apparently refers the brickearth of the following 
section (bed 2), regarded by Wood as belonging to his Lower 
Glacial, to the Ohillesford Clay. 

Fig. 14. 
Section in. a New Road- Cutting just N. of the Convalescent Home, 

Felixstow. 
(S. V. Wood, junr., 1882.) 




1. Soil. 

2. Beddish-brown brickearth, like that of the brickyard at Derby Boad, Ipswich, 

passing down into — 

3. Yellow sand with orange-coloured bands and patches, and some very fine 

shingle. 

4. Dark brown bedded loamy sand. 

5. Obliquely bedded Bed Crag, without shells (decalcified). 

6. Obliquely bedded shelly Bed Crag. 

There is no line between 5 and 6 really, the line here merely represents the ending 
off of the shells. 

The coprolite pits at Felixstov? are now (1889) all closed. 



* Geology of Ipswich, pp. S2-54. 

t Quart. Journ. Geol. Soc, vol. xxvii. p. 338. (1871.) 
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Following the right oank of the Deben northward from 
Felixstow, we find a nearly continuous outcrop of Red Crag, and 
as the Nodule Bed has been extensively worked, numerous 
sections have been seen, though many of them are now obscure. 
The descriptions need not be repeated, as there was nothing 
exceptional in the character of the deposit, and it was not tliick. 

Some of the best and deepest sections of the Eed Crag are to 
be found in the tributary valley which extends westward, past 
Brightwell, nearly to Ipswich. In this valley phosphate has 
been more extensively worked than anywhere else, and through a 
greater thickness of overlying deposits. The most important 
sections visible in 1889 were, a small one a quarter of a mile 
north-west of Bucklesham Church, a good section close to 
Foxhall Lodge, and the large pit on the east side of Foxhall Hall. 
This last is now being extensively worked, with a long face 30 or 
40 feet deep, and is perhaps the best pit for collecting from the 
Red Crag. Mr. Whitaker observed the following section in 
1876 :— 

Drift. — False-bedded gravel and sand, resting irregularly on the sand 
below; up to 15 feet (or more). 

"Ferruginous sand, with ironstone (impressions of shells), 
and scattered phosphatio nodules ; of irregular thickness, 
being merely decalcified Orag. 
Shelly Crag, with a loamy ferruginous bed about the junction 
with the shell-less sand. The bottom 6 feet or so with 
p 1 phosphatio nodules and flints (some large), either in layers 

Lirag. < pj. ggattered freely throughout. At the most easterly part 
(not then worked) there was at the bottom a loamy, fi^rm, 
ferruginous bed, up to 3 feet thick, probably not far above 
the nodule-bed. 
Nodule Bed, at a depth of 33-36 feet ; about a foot thick ; 
with water, showing the presence of London Clay. 

Abundance of the common Crag fossils can be obtained, but as 
usual it needs long search to find more than twenty species of 
mollusca. A large number of cetacean ear-bones , and teeth 
occur. 

Further east a new phosphate pit has lately been opened about 
a quarter of a mile south of Newbouru Church, and will probably 
prove a good place for collecting. Another section in this 
neighbourhood is thus described by Mr. Whitaker : — 

" The large Crag pit, marked on the Map, at Newbourn, 
nearly a quarter of a mile north-east of the church, was about 40 
feet deep, wholly in Eed Crag, the eastern end being overgrown. 
The decalcified sand is in part rather light- coloured at top, partly 
fine, and is of course irregularly divided from the shelly Crag 
beneath. This latter contains a great variety of shells, many well 
preserved (and 1 believe this pit would prove a good collecting- 
place) ; it is mostly firm, so as to stand vertical in section, dark, 
false-bedded, and often with many phosphatio nodules and flints ; 
at one part a nearly horizontal yellowish line occurs cutting 
across the false-bedding, and showing how little dependence is to 
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be placed on colour. At the western part of the pit the process 
of dissolution of shells was shown, the shelly Crag in places 
passing into a sort of marl^ and there being many more or less 
vertical marly veins, the marl being the result of the dissolving 
away of shells from the sand. At the bottom of the pit there 
are springs, and the London Clay occurs at the lowest part."* 

Continuing northward along the right bank of the River Deben 
we come to the extensive coprolite pits of Waldringfield — a well- 
known locality for Red Crag fossils. 

" The large coprolite-working north-east of Waldringfield 
Church, which was nearly given up in 1876, except close to the 
road, gave the following section : — 

Grlacial Drift. — Gravel and sand, at the highest part ; up to 8 feet thick, 
with soil. 

r Loamy ferruginous bedded layer, partly mottled. 
Red J Sand, some fine. 
Crag. I Shelly Crag. 

L Nodule Bed; said to be up to 4 feet thick in places. 
London Clay touched (not seen by me)." 

" Mr. Stollery, the foreman, who had a large collection of 
shells from the Crag, told me that the working had been carried 
to a depth of about 40 feet ; that, in places, some six inches of 
Coralline Crag had been got beneath the nodule-bed ; and that 
he had found Pholas shells bored into the London Clay to a 
depth of some inches."t 

About a mile southward fron\ Martleshain Church, is the site 
of an old coprolite-work, showing gravel over sand and shelly 
Crag ; and it is probably here that Messrs. Wood and Harmer 
noted the section reproduced in Figs. 15 and 16. 



Figs. 16, 16. 
Sections in a Pit, South of Martlesham,% 
(S. V. Wood, jun.) 





c. Pipe of sand crossing both altered and unaltered Crag. 

6. Bedded sands, =a, altered. 

a. Shelly Crag. 

X Layer of flint-pebbles, running through both shelly Crag and sand. 

The sections up the Fyn valley need not be described, and we 
can also pass over the intervening country and take at once the 
classical localities of Sutton and Shottishiim. On the east side of 
the Deben, the Red Crag outcrops continuously from Woodbridge 
to the Butley River, rising to a considerable height above the sea 
and occupying large areas at the surtiice. Its thickness varies 
greatly, owing to the inequality of the surface on which it was 

* Geology of Ipswich, pp. 63, 64. 
t Jbid., p. 65. 

X Beproduced from Quart. Joum. Geol. Soc, vol. xxxiii., p. 75, through the 
kindness of the Council of the Geological Society. 
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deposited. At Sutton Coralline Crag rises to a height of about 
60 feet, and probably formed an island in the Red Orag sea, while 
close adjoining the Red Orag descends to the present sea-level. 
Mr. Dalton remarks that but little of the Red Crag east of the 
Deben is decalcified, its shells being retained even on the water- 
shed.* 

The Coralline Crag outlier at Sutton has already been men- 
tioned in the chapter describing that formation, but it still 
remains to notice the denudation that it underwent before the 
newer strata were deposited. It will be necessary for this purpose 
to make free use of Prof. Prestwich's description, for he under- 
took a special survey of this area, and was able to examine 
sections now quite hidden or much obscured. t 

The reef or island of Coralline Crag is about a third of a mile 
across, and is overlapped on every side but the south by Red Crag, 
which abuts against a series of low vertical cliffs or steep slopes. 
On the south the Coralline Crag may have been continuous 
till comparatively recently with the isolated mass at Ramsholt, for 
the narrow valley that now separates them is of modern date. 

The Ramsholt outlier is also overlapped by Red Crag, except 
towards the north, and perhaps to the north-west towards 
Waldringfield. The three sections now reproduced will illustrate 
better than any description the relation of the two deposits in the 
hill at Sutton. t 

Fig. 17. 

Section in the Bullock-yard Pit, Sutton, ^^feet above 
Low-Water Mark. 

Vertical scale of Figs. 17, 18, 19, about 12 feet to an inch. 



Explored by means \ ^T™ 

of a trench. ---. . ^^ ^ 

t. Ploor of pit 31 feet above Low Water Mark. 
. Upper shore-line, with blocks of Coralline Crag, flints, coprolites and shells. 
. Seam of shells of Mytilus edulis, almost all with both valres. 
, Bed of coprolites and large flints. 
Lower shore-line. 



* See also Geology of Ipswich, p. 67. 

t Quart. Journ. Geol. -Soc, vol. xxvii., pp. 116-119, 339-341, and pi. vi. (1871.) 
j Eeproduced from Quart. Journ. Geol. Soc, vol. xxvii. p. 340, by the kindness 
of Prof. Prestwich and the Council of the Geological Society. 



RED ORA.G. 



95 



Fig. 18. 
ISection in the same Pit, but at right angles to Fig. 17. 




s Upper Shore-line. 



Red Crag with two large blocks of Coralline Crag, the larger may weigh more 
than a ton. 1 must have fallen before and 2 after the deposition of the bed r. 
There were also many smaller blocks, some bored by Annelids, others covered 
with Balani ; as well as flint-pebbles, coprolites, and unworn flints. 



FlQ. 19. 
Section in the Pit near the Barn, at the Western Part of the Ridge. 




Red Crag with many blocks of Coralline Crag, and here and there flints and phos- 
phatic nodules. Showing the section of the lower shore on the western side of 
the reef. " The occurrence of these transported blocks of Coralline Crag* is 
peculiar to these pits." 

The occurrence of an eroded and bored surface of Coralline 
Crag at the Bullock Yard pit was first pointed out by Lyell, who, 
as far back as 1839, speaks of a buried cliff eight or ten feet 
high and in places slightly overhanging.* 

Prof Prestwich's further observations " show that there are two 
submerged cliffs, that they pass round the hill, and that the mass 
of Coralline Crag, forming the higher part of the hill, has been an 
old reef in the Eed Crag sea."t The section in the Bullock Yard 
pit was still open when I last visited it, but the old cliff was 
becoming much obscured by talus and rain-wash. The Red Crag 
in this pit is of the usual character, and is referred by S. V. Wood 
to the upper division of the Red Crag, or to the same zone as the 
Crag at Butley. 

Prof. Prestwich has figured a section at Kamsholt, showing 
erosion of the lower beds of the Red Crag before the deposition 
of those above ; this also is here reproduced, through the kind- 
ness of the Council of the Geological Society (Fig. 20). 

* Mag. Nat. Hist, vol. iii., p. 314. (1839.) 

f Quart. Journ. Geol. Soc, vol. xxvii., p. 339. (1871.) 
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Fig. 20. 
Section in the Red Crag at Ramsholt.' 
(Prestwich.) 
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lites. 







Bed Crag with 
few shells and 
some copro- 
lites ; 10 feet. 



Shelly Bed Crag; 
3 feet. 



-5-__-«> Probable level of 
Coralline Crag. 

The south-western part of the cliff at Bawdsey exhibits some 
of the clearest sections of the Red Crag and is one of the best 
places for collecting. It must not be forgotten, however, that here, 
as is always the case in the Ked Crag, a hasty visit will only 
produce some twenty or thirty species, the others being rare, 
and only discovered after long search. Bawdsey, an incon- 
venient place to read), and is perhaps best examined from Felix- 
stow — there is a Ferry across the mouth of the River Deben. 
North of Bawdsey there are no more cliffs for several miles, the 
coast line being occupied almost entirely by the Alluvium of the 
River Ore, and by shingle beaches. 

The next sections of interest are those exposed at different 
times in the coprolite works on the marshes of the Butley River, 
near Boyton and Butley. Here the Nodule Bed is found beneath 
the Alluvium, and sections are only visible while the pits are 
actually being worked, for at other times they are full of water. 
A large number of shells is obtained here, but as the Nodule 
Beds of the Coralline and Red Crag are both found, and 
are scooped out of the water and mixed in the works, it is 
impossible to say which species belong to the one formation and 
which to the other. Besides this the base of the Red Crag is 
undoubtedly full of derivative Coralline Crag shells, and we have 
the additional complication, tirst pointed out by S. V. Wood, that 
there is a constant tendency for the Red Crag itself to be partly 
eroded and its shells to be re- deposited on a slightly higher zone. 
The Butley fauna may thus be leavened with derivative shells 
from every horizon between the base of the Coralline Crag and 
the upper Red Crag. The contemporaneous shells of these pits 
are probably the northern and arctic forms, but Cassidaria and 
other Mediterranean species occur in such a perfect state of 
preservation that it is impossible to separate them. Valuta 
Lamberti is abundant, as are Cardita senilis and Astarte Omalii, 
both of which are probably only present in the Red Crag as 
derivative fossils from older strata. 

* Quart, Journ. Geol. Soc, vol. xxvii., p. 327. (1871.) 
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The numerous Crag pits around Butley are all similar in 
character. They show Mse-bedded sand full of broken shells 
and rarer perfect specimens. The sand varies from buff to deep- 
red, or even purple, and is sometimes current-bedded at the 
highest possible angles. The whole of these pits show ferruginous 
banding, and often vertical rods of limonite in root-like forms are 
also seen. Many of the joints are filled with carbonate of lime. 
The upper part of the Red Crag, both here and at Cbillesford, is 
buff and more like the Norwich Crag. 

The well-known Crag pit, a quarter of a mile east of the 
Oyster Inn, at Butley, has been extensively worked by Mr. A. 
Bell, who has published the following section* : — 

Section of Pit on the Neutral Farm, Butley. 

1 . Drift sand, black, full of small particles of qnartz, with a large number 

of rolled stones [Rainwasli]. 

2. Bed sand, passing into 

3. Yellow sand, then into 

Red sand. A large mass of brownish clay (full of casts of common 
mussel and Trochus emerarvue) at one part. 

4. Vein of fine white sand, extending rather more than half-way across 

the pit. 
" These sands [2, 3, 4,], etc. are about 18 to 20 feet thick, and are 
neai'ly, except where in contact with the Crag, totally devoid of 
organic remains. Finely comminuted shells occur at the lines of 
junction." 

5. Red Crag full of shells. 

6. Red Crag ,, ,, 

7. Unfossiliferous eand, partly false-bedded at top, separating 5 and 6 

[P both over and under 5, over 6 in the figure given]. 

8. Line of freshwater shells. 

9. Red Crag with shells. "A series of layers of fine sand and shells, 

having a rapid dip, being the lowest deposit seen." 
" The cross section [nearly at right angles] gives traces of considerable 
erosion." 

A list of 192 species of shells from the Crag at Butley is given 
in Mr. Bell's paper, and the author speaks of the Butley Crag as a 
shallow-water deposit of upper Crag nge. The land and fresh- 
water shells from Butley, unlike those of Walton, are all living 
British formsf ; the rest of the land fauna is still almost entirely 
unknown. 

North of the Butley River we find Red Crag abutting against 
or wrapping round a high reef of Coralline Crag, exactly as it 
does at Sutton ; but great part of the sand is decalcified, and it 
will only be necessary to allude to two of the sections near 
Sudbourn, which have cleaiiy shown the junction. 

Mr. Dalton remarks that "there seems to-be some error in 
the designation of the locality given by Prof. Prestwich to the 
section shown in Fig. 21, as there is no trace of a pit at that 
point, and the Cbillesford Clay there separates the Glacial sand 

* Geol. Mag., vol. yi'ii. -pp. A50-455. (1871.) 

f R. G. Bell. — Land Shells in the Reft Crag. Geo!. Mag., dec. 3, vol. i. pp. 
262-264. (1884.) Wood records two arctic forma of Limncea, but the determi- 
nations seem to he very doubtful. 
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from the Red Crag. If for 1^ we read |, there is a pit which 
might have once shown such a section : an irregular junction of 
the Red and the Coralline Crags." 

Fig. 21. 

Section in a Fit by the Side of the Road li (? f) -mile N.N.E. 

from Sudbourn Church. 

(Prestwich. Quart. Journ. Geol. Soc, vol. xxvii., p, 335.) 




a. Light-coloured sands with fine gravel. 

b. Ferruginous and yellow sands (Red Crag). 

c. Coralline Crag. 

A good section of the junction of the two deposits can still be 
seen in the third Crag pit (marked on the Map), north-east of 
Sudbourn Church. Here the Red Crag is very shelly, Mactra 
ovalis and Mya truncata being particularly abundant. 
' We now enter the debatable land, where higher fossiliferous 
zones are met with, and there seems to be a distinct passage 
upwards from Red Crag to Chillesford Clay. The thickness of 
the Crag becomes also much greater, we lose the derivative 
fossils which have caused so much complication, and the bods 
become lighter in colour and more estuarine in character. The 
remainder of the Red Crag, and the Norwich Crag, will be 
described in the next chapter. 

As no representatives of the zones remaining to be described 
have yet been found in Belgium, this may be a convenient place 
to speak of the strata which crop out on the eastern margin of 
the Anglo-Belgian basin. The Red Crag being in all probability 
perfectly continuous under the bed of the North Sea, the strata 
seen in England and Belgium must be merely the littoral deposits 
of the two sides of the same narrow sea. Under these circum- 
stances, if the Red Crag and the Scaldisian are contemporaneous 
we might expect a very close correspondence in their faunas. 

The upper part of the sands seen in the different excavations 
around Antwerp belongs to the Scaldisian* formation, and rests on 
a slightly eroded surface of the older beds, the junction being 



* So named after the river Scheldt (the classical SchUUs) on which Antwerp ' 
situated. 
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marked by a line of pebbles. In lithological character this 
division, like the Diestian sands, is a fine glauconitic sand, usually 
somewhat reddish, and full of shells. The Scaldisian moUuscan 
fauna, of which a full list is given in the Appendix, now includes 
nearly 200 species, leaving out of account those of which the true 
horizon has not been satisfactorily fixed. Nearly all of these are 
also found in the Eed Crag, but there is an entire absence of the 
arctic forms so conspicuous in the upper part of that formation. 
We may therefore, consider the Scaldisian of Antwerp to repre- 
sent the Walton Crag of Suffolk, for it has a similarly southern 
facies. The deposits met with in a deep boring recently made at 
Diemerbrug, near Amsterdam, are more difficult to understand, 
for the fossils have a decidedly more northern character than those 
from the Scaldisian of Antwerp, and several arctic forms occur 
even at a depth of 1,000 feet. This boring will be more fully 
described at p. 220. 

While engaged in writing these notes on the Belgian Pliocene 
beds, I received from Mr. G. Vincent a paper* in which special 
attention is drawn to a line of pebbles and erosion seen in 
the Scaldisian of the new docks at Antwerp. In this pebble- 
bed Messrs. Vincent and Delheid have discovered fragments of 
antlers of two species of Deer, a phalanx of Rhinoceros, bones of 
Birds, several specimens of Helix nemoralis {H. Haesendoneki, 
Nyst), and some fir-cones. This is the first time that land-mammals 
have been found in the Pliocene beds of Belgium, and the dis- 
covery is particularly interesting as helping to fill up the gap in 
our knowledge of the land-fauna of the Red Crag period. We 
know scarcely anything of the land-animals of that period, nearly 
all the specimens having been found in the Nodule Bed. 

This mammaliferous gravel is the base of the sands which 
Messrs. Cogels and Van den Broeck have named " sables a 
Oorbules,"t and which Messrs. E. and G. Vincent afterwards 
called " sables a Corbulomya complanata et d Ophicardelus pyra- 
midalis" from these species being confined to the horizon, and 
therefore more characteristic. 

Above the line of gravel there is a change of the fauna, several 
well-known species of the English Crag appearing for the first 
time and others becoming much more abundant. But there are 
no additional arctic species in these Corbula beds, except Trophon 
despectus, and the fauna is still that of the Red Crag, more 
closely allied to the lower portion than to the upper. 

* Documents relatifs aux Sables Pliocenes 5, " Chrjsodomus contraria " d'Anvers. 
Bull. Soc. Malac. Belgique, vol. xxiv. pp. xxviii — xxxv. (1889.) 

t Observations sur les Conches Quatemaires et Pliocenes de Merxem, pr^s 
d'Anvers. Ann. Soc. Malac. Belgique, vol. xii. pp. 68-74. (1877.) 
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CHAPTER VII. 

RED CRAG— continued, NORWICH CRAG, AND 
CHILLESFORD CRAG. 

Taking up the description of the Crag at the point where it 
was left at the end of last chapter, we find higher fossiliferous 
zones appearing north of the Butley River. The most southerly 
of the sections, those al Chillesford, were discovered by Prof. 
Prestwich* during an excursion made for the purpose of ascer- 
taining " whether the distinction of age introduced upon palseonto- 
logical grounds, hetween the crags of Norfolk and Suffolk, could 
be confirmed by visible superposition." More recently Prof. 
Prestwich has re-examined the pits, and the following, notes are 
principally taken from his account.t 

The sections at Chillesford are three, two of them close to the 
Church, and the third in a brick-field half a mile to the east- 
north-east. The pit behind the Church and that in the stack- 
yard below the Church, furnish an almost continuous section, 
Prof. Prestwich having proved by excavation the nature of the 
few feet of beds between the floor of the upper and the top of 
the lower pit. It must, however, be borne in mind that the 
latter pit is exposed to decalcification, from which the beds seen 
in the higher are exempt, for they are protected from the. action 
of percolating water by an overlying mass of clay. The section 
exhibited by these pits is shown on the opposite page. (Fig- 22.) 

The great interest in this section is that in the upper portion 
of the sand we find the Mollusca with their valves united and 
evidently on the spot where they lived. These tranquilly de- 
posited strata pass upwards, without a break, into the Chillesford 
Clay, and downward into the " Scrobicularia Crag " of S. V. Wood, 
which is probably a continuation of the Norwich Crag of Norfolk. 
About six furlongs to the east-north-east there is a sand-pit 
(marked on the Map) which S. V. Wood considers also to show 
this " Chillesford Crag,"t and from these two pits he has collected 
a large number of mollusca. Northern shells are there much more 
abundant than in the lower beds, both in species and individuals, 
and a number of the common Red Crag forms seem to have 
disappeared. The three species of Tellina, T. lata, T. obliqua, 
T. prcBtenuis, so conspicuous around Norwich, occur in profusion. 

* Quart. Journ. Geol. Soc, vol. v., pp. 345-353. (1849.) 
f See also ibid., -vol. xxvii., pp. 335-339. (1872.) 
I Ibid., vol. xxii., p. 544. (1866.) 
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The brickyard half a mile east of the Church is in Chillesford 
Clay, and will be described in the next Chapter. 

Fig. 22. 

Section at Chillesford, 
(Prestwich. Quart. Journ. Geol. Soc, vol. xxvii. p. 336.) 



Light-coloured boulder-olay with 
a seam of broken shell-fragments 
at base. 

Grey clay with a few shells .and 
fish vertebras, passing down into 
light-coloured clayey sand, with 
patches of perfect but friable 
shells. 



.So 



Part 
proved by 
digging. 




Yellow sands without shells. 



The same with a few shells. 



Seams of ferruginous sands with 
a few seams of clay and some 
shells. 

Seams of comminuted shells. 



Pebbly sands. 

Light-brown and iron sand, with 
a greater variety and more per- 
fect shells. 



Beds of comminuted shells with 
some entire ones. 



Between Chillesford and Thorpe, where Norwich Crag appears, 
the Rev. O. Fisher* has traced a series of pits in which are found 
beds with Mya in the position of life. He also refers the shelly 
sands overlying Coralline Crag, seen in the pit three-quarters of a 
mile north-east of Sudbourn Church {see ante, p. 98) " to a shoal- 
deposit derived from the Mya-bed " (= Chillesford Crag), on 
the ground that while " many of the commoner shells of the Red 
Crag are at this place rare or altogether absent, those of the 
Mya-bed are in profusion." 

The cliffs at Aldboi'ough are now built over and sloped, but 
the Crag is seen in pits in the neighbourhood, and is very shelly, 
being protected from decalcification by the overlying Chillesford 
Clay. Prof. Prestwich observes that the upper division of the 



* Quart. Journ. Geol. Soc, vol. xxii. pp. 19-28. (1866.) 
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Ked Orag here rests on an eroded surface of the lower division, 
as is the case at Ramsholt. CFig. 23.) 

Pig. 23. 

Section in Ballast-pit, Aldborough. 

(Prestwich. Quart. Journ. Geol. Soc, vol. xxvii. p. 33.5.) 




2. Brown Sands, with few shells and pebhles : 
1. Shelly Eed Crag: lower division 10 feet. 



upper division, 10 feet. 



Crossing the marshes of the Hundred River we find that the 
Coralline Crag has entirely disappeared, and that the lower part 
of the Red Crag is also below the sea-level. Thus the pits around 
Thorpe are entirely in beds corresponding closely with the more 
estuarine deposits of the Norwich district, and the Crag here has 
always been considered to belong to the Norwich Crag. The 
best section is seen in the well-known " Aldborough Thorpe Pit " 
of geologists, which lies close to the southern edge of Aldringham 
Common and about three-quarters of a mile north-west of the 
village of Thorpe.* The Crag is light-coloured, like the Norwich 
Crag, and contains an assemblage of fossils identical with that 
found in the lower bed at Norwich, though in the number of 
individuals Arctic species are perhaps not quite so common. 
Prof. Prestwich gives a list of 28 species of mollusca from this 
pit, all of them occurring also at Norwich. 

In Thorpe CHfE there is now no section of the Crag, aud from 
Thorpe northward to Sizewell Glacial beds extend below the sea- 
level. " At Sizewell the Crag rises well above the beach and 
the inland marshes, and is exposed in several pits. One of these, 
at the northern end of Sizewell Cli£F, about 200 yards inland, is 
in very shelly sand (of littoral and estuarine character) mostly 
white, but somewhat ferruginous above, and containing many 
bands and lenticular masses of limonite .... Similar Crag 
is met with in Sizewell Gap and half a mile west of it."t Other 

* It may save confusion to point out that there are several places called Thorpe 
in Norfolk and Suffolk, and that two of the best known Norwich Crag sections are 
respectively at Thorpe near Norwich, and Thorpe near Aldborough. 

t "Whitaker, Geology of Aldborough, &c. (Mevioirs of the Geological Survey), 
p. 25. 
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sections occur at Sizewell, but the base of the Orag has not been 
reached, though sunk rocks of Coralline Orag are found about a 
mile from the shore. Prof. Prestwioh records 20 species of 
moUusca from a well at Sizewell, and notes the occurrence with 
them of fragments of Coralline Orag — probably showing that the 
upper sands overlapped the older Red Crag, and abutted against 
the ridge of Coralline Orag. The Chillesford Clay is cut out by 
later deposits in this neighbourhood, and the immediately under- 
lying Chillesford Crag has not been recognised. 

Continuing northward along the coast, there is now a gap of 
over two miles, occupied by the Alluvium of the Minsmere Level. 
Immediately north of this, where the cliff recommences, near 
Dunwich, Norwich Crag has been discovered by Messrs. Crowfoot 
and Dowson, who give a list of 44 species of mollusca, obtained 
principally from an exposure between tide-marks. " Mammalian 
remains were also found, and these appeared to come from a 
hard ferruginous bed of clay and sand, shown here and there on 
the beach, some feet below the shell bed in the cliff."* As this is 
the most southerly locality from which a large and typical Norwich 
Crag fauna has been obtained, Messrs. Crowfoot and Dowson's 
list is here quoted. The arctic and also the estuarine character 
of the fauna is very marked. 

Fossils from the Crag at Dunwich. 
(Identified in all doubtful cases by S. V. Wood.) 
Common. 



Very common. 
Abundant. 



0. 
V. 0. 

a 
Astarte compressa - 

sulcata 

Cardita (derived ?) - 
Cardium edule 

grcenlandioum 

Oorbicula fluminalis - 
Oorbula striata 
Oyprina islandioa 
Leda oblongoides 
Loripoa divarioatus - 
Luoina borealia 
Mactra arcuata 

stultomm 

subtrnnoata - 

truncata 



r. 
V. r. 



Rare. 
Very i-are. 



r. 

T. r. 
v. r. 

a. 
v. c. 

c. 
V. c. 

a. 

r. 
v. r. 
V. a. 
v. r. 

r. 
V. c. 

c. 

a. 

c. 

c. 

c. 
v. c. 

a. 
v. c. 

a. 

a. 

a. 

V. r. 

V. r. 



Mya arenaria 
Mytilus edulis 
Nuoula Cobboldiffi! - 
Pecten operoularis - 
Scrobioularia plana - 
Solen siUqua - 
Tapes virginetiB 
TeUina lata - 

obliqua 

prsetenuis 

Calyptrffla obinensis - 
CanceUaria viridnla P 

North and west of D unwich there is an area of a good many 
square miles occupied by pebbly gravel, and by sands without 

* Proc. Nondch Geol. Soc, vol. i. part III. pp. 80-83. (ISirg.) 



Oerithium trioinctnm 
Helix hispida 
Hydrobia ulvse 
Littorina littorea 

rudis 

Melampus pyramidalis 
Natica catena ? 

olausa 

helicoides 

Paludina media 
Purpura lapillus 
Eingioula ventricosa P 
Scalaria sp. - 
Trophon antiquus 

, var. 

traria 

gracilis P 

Turritella terebra 

Fish, bones. 

Arvicola (teeth). 

Bos. 

Cetacea. 

OerruB. 

Elephas. 

Equus. 

Rhinoceros. 



V. c. 

V. I'. 
0. 

a. 
r. 
c. 

0. 

r. 

r. 
c. 
a. 
r. 
v. r. 
r. 

V. r. 

V. r. 

r. 
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fossils. The relation o£ both these divisions to the shelly Orag is 
somewhat uncertain, for the only place where Chillesford Clay 
occurs, is on the border of the Marsh, one and a half miles north- 
west of Dunwich. Here the low position of the Clay saggests 
that the Cras; in the surrounding .area may be entirely below the 
level of the sea. The beds are fully described by Mr. Whitaker,* 
who considers the lower portion (the unfossiliferous sand) to 
belong to the Crag and the upper to strata overlying the Chilles- 
ford Clay, but in . the absence of clear stratigraphical evidence 
and of fossils, it will perhaps be best to leave the description of 
the obscure area between Dunwich, Westleton, and the Kiver 
Blyth for a later Chapter, and to keep at present to the undoubted 
Crag. 

In a northerly direction the nearest fossiliferous section to that 
in Dunwich ClifE was found in a well made in 1887 at Southwold 
Waterworks, where also the total thickness of the beds has been 
proved. This section is of so great interest that the account is 
here copied, but the fossils obtained were not sufficient to allow 
of any separation of the different horizons. Small shelly expo- 
sures were also seen in the cliff north of the town, at a pit on the 
Lowestoft Road, and at Southwold Station. The two latter have 
been referred to the newer " Pebbly Series," but if this is correct 
they show that the " Pebbly Series " here contains a fauna identical 
with that of the Norwich Crag. All of the species determined 
are Norwich Crag forms, and Tellina halthica, so abundant in the 
higher division at other localities, is missing. 

Well at Southwold Waterworks. 1886, 1887. 

About 40 feet ( P more) above Ordnance Datum. 

Made and communicated by Messrs. Legrand and Sutoliff. (Notes from 
an examination of specimens, on the spot.) 

Pebbly Series. Ballast 37 

'Dark yellow (red) sand ... 8 

Dark yellow, sand (with shells, stained red, 
Oardmm eduh ?, Oyprvna islcundiea, Litto- 
rma rvdis, Mekm/jous pyra/midaUs) - 33 

Dark yellow (red) sand ... 6 

Light-yellow sand with black pebbles (flint 
and hard veined grit) and shells (Mya 
trwnoata, TeUma dbliqua, Littorma littorea) 6 

Light grey (ailty) sand (full of mica) . 18 

Light.greenish blowing sand (the colouring 
matter seems to be small grains of phos- 
phate, and not glauconite) . - 56 
Light-greenish loamy sand, with shells 

{Pecten operoulaHs, Natica, etc.) - - 2 

Dark stiff clay (hard, brown) - . 10 

Grey loamy sand and shells (sandy silt, with 
worn shell-fragments. {Balanus orenatus ? 
(_ SaUcornaria crassa, etc.) - - . 8, 

London Clay - . - . . . gg^ 

Beading Beds ... . yQj 

Chalk ------- 256 

579 



Crag, 
147 feet. 



< 



* Geology of Southwold, and of the Suffolk Coast, (^Memoirs of the Geological 
Survey). (1887.) This Memoir contains a folding plate of sections of. the coast 
between Dunwich and Covehithe. 
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The greenish colour of the sand and the hardness of the fossils 
in the lower part of the Orag is very marked. These characters 
are always found when the strata are met with at depths beyond 
the reach of percolating surface water. The buff or red colour of 
ordinary sections of Orag is misleading ; unweathered Red Crag 
is green or bluish. While on this subject it may be well to note 
a very similar section at Saxmundham, recorded by Mr. Dalton,* 

Well at Messrs. Waller's Brewery, Saxrmindham. 
(Water rises to 12 feet from surface.) 



Bed Crag, jS^^'^ai.'i, n ' 
105 feet i 5^"^ ^^®"y ^™S 
L Bluist-black Orag 



To Reading Beds 



Feet. 

- 80 

6 

- 19 

- 105 



The well-known " Bulchamp Pit '' lies about four miles due 
west of Southwold. The section there is now overgrown, but the 
pit was so interesting that Prof. Prestwich'sf account has been 
reproduced. He observed that " some years since, a section 
nearly 20 feet deep was well expoHcd." (Fig. 24.) 



Fig. 24. 
Pit near Bulchamp Union. 

(Prestwieh. Quart. Journ. Geol. Soc, vol. xxvii. p. 344.) 




^ 



<tL^»iL£.^: .~j^^% 



" In appearance and colour the pit is precisely like a Red- 
Crag pit ; and it will be observed that we have here a repetition 
of the marks of erosion which we have noticed between the two 
divisions of the Red Crag in the Sutton district ; or it may only 
be an eroded shoal in the lower division, as at Ramsholt " (see 
pp. 95, 96). The list of fossils, however, shows no trace of any 
horizon below the Norwich Crag, the 46 species mentioned by 
Prof, Prestwieh being all Norwich Orag forms, and including 



* Geology of Alborough, &c. (^Memoirs of the Geological Survey), p. 53. 
t Quart. Journ. Geol Soc., vol. xxvii. p. 344. (1371.) 
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many land and freshwater mollusca rare or unknown in the older 
deposits. The level of this pit is little above that of the Eiver 
Blyth. 

The sections in the higher part of the Valley of the Blyth call 
for no remark, being almost entirely unfossiliferous, though a few 
shells have been found at Haleaworth. 

West-north-west of Southwold shelly Crag is seen in numerous 
exposures bordering on the marsh on each side of the Wangford 
Valley, and the pits have yielded, besides the common marine 
shells, land and fresh-water species, and mammalian bones and 
teeth, Lyell,* the Eev. O. Fisher,t Mr. G. Maw,t and Prof. 
Prestwich§ have all described sections in this valley, and a very 
full account of them is given by Mr. Whitaker.|| More recently 
Mr. R. E. Leach has made extensive collections here, and has 
sent me a list of the species obtained. They are all Norwich 
Crag forms and among them is the Cyrena ( Corhiciila) jiuminalis, 
found also by Lyell in this neighbourhood. 

In the next valley to the north — that of Easton — there is only 
one pit in which shells occur, but the outcrop of the Ohillesford 
Clay is so continuous that there is no doubt as to the Pliocene 
age of part of the sands which border the Marsh for a considerable 
distance. The " Yarn Hill Pit," so well-known to geologists, is 
not marked on the Map, but is situated on a small peninsula on 
the north side of the Marsh, half a mile west of Potter's Bridge 
and a mile and a quarter west-north-west of Easton Bavent, 
The section seen by Mr. Whitaker in 1878 was as foUowsl : — 
A little pebble-gravel, at the highest part, up to 2f feet. 
Ohillesford Clay. — G-rey and brownish sandy clay, up to 15 inches. 

'Sand : the top foot or so brown and somewhat gravelly, but this 
seems to die out westward : then yellowiBh-brown orbnfiF, with 
a gravelly layer 4 or 5 feet down (on the west only, as far as 
could be seen) ; then a little mixed white and black (with 
Crag, -i hghb-brown under at the middle part) — in all 7 to 9 feet, not 
bottomed at the deepest part. 
Shelly Crag, some 2 feet shown, towards the west, under the 
white and black sand. In this was found only one Oorhicula, 
amongst a host of marine shells. 

At the foot of Easton Bavent cliff similar shelly Crag is seen, 
but it only rises a few feet above the sea level, and the section 
vrill be described in the next Chapter. The Crag is lost below 
the level of the sea for several miles north of Easton Bavent 
and Yarn Hill, and to show the character of the fauna at the 
spot where the beds disappear, a list is given of the mollusca 
found at these two localities. S. V. Wood referred the shelly 
sand at Yam Hill to the Fluvio-Marine Crag, and that at Easton 
Bavent to the Chillesford Crag, but there does not seem to be 
any Buflficient reason for separating them, and they are both close 

* Mag. Nat. Hist., n. ser. vol. iii. p. 316. (1839.) 
+ Quart. Journ. Geol. Soc, vol. xxii. p. 27. (1866.) 

I Ibid., vol. xxiv. p. 377. (1868.) 
§ Ihid., vol. xxvii. p. 345. (1871.) 

II Geology of Southwold and the Suffolk Coast (^Memoirs of the Geological 
Survey), pp. 12-14. (1887.) 

^ Ibid., p. 15. 
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to the Ohillesford Olay. The Yarn Hill list is mainly taken 
from manuscript notes communicated by Mr. E. E. Leach, a few- 
species being added from Wood's Monograph and the papers 
by Prof. Prestwich* and the Eev. O. Fisher.f The Easton 
Bavent list is compiled from Prof. Prestwich's paper and Wood's 
Monograph. 

Fossils from the Crag of Yarn Hill and Easton Bavent. 
T = Tarn Hill. E = Easton Bavent. 



Actaaon Noas 

tomatilis 

Bucoimim Dalei 

T un datum - 

Bulla alba 

laj onkair eana - 

regnlbiensis 

truncata 

Oalyptraea ohinenBis - 
Cerithiuni tricinctnm 
Chemnitzia rugnlosa 

acicula - 

Helix arbuBtorum 

• hiBpida 

pulchella 

Hydrobia subumbilicata 

— ; ulvae 

LimnsBa palustris 

— peregra 

Littorina littorea 

rudis ? 

Melampus pyramidalis 
Nassa inorassata 

grannlata 

■ — propinqua 

reticosa 

Natica Alderi 



■ catena 

■ catenoides 
• clausa 

■ helicoides 

' hemiclausa - 



Palndina media 



vivipara 

Plaaorbis oomplanatus 

spirorbis - 

PleuTotoma bicarinata 

turricula 

Pupa muBCorum 

umbilicata 

Purpura lapillus 
Bingicula ventricosa 
Bissoa semicostata - 
Scalaria clathratula - 

grcenlandica 

trevelyana - 

Sucoinea oblonga 

putris 

Trochus tumidus 
Trophon antiquus 



T 

T E 

E 

Y E 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
E 
T 
Y 
Y 
Y 
Y 

Y E 

Y E 
T 

Y E 
Y 
Y 
E 
E 
Y 
Y 
E 
Y 

Y E 
Y 
Y 
E 
Y 
Y 
Y 
Y 
Y 
Y 

Y E 
Y 
Y 
Y 

Y E 
Y 
Y 
T 
Y 

Y E 



Trophon antiquus var. 

traria 
Turritella terebra 
Valvata piscinalis 
Voluta Lamberti 

Abra alba 

obovalis 

Anomia aculeata 
Artemis lincta 
Astarte borealis 



- compressa 
• sulcata 



Oardium edule 

groelandioum 

nodosum - 

Oirce minima 
Corbicula fluminalia 
Oorbula gibba * - 
Cyprina islandica 
Donax trunculus P 
Leda oblongoides 

lanceolata 

Lepton nitidum 
Lucina borealis 
Maotra arcuata 

ovalis 

solida 

subtruncata - 

Modiola modiolus 
Mya arenaria 

truncata 

Mytilus ednlis 
Nucula CobboldisB - 

tenuis 

Pecten opercnlaris 

princeps 

Pbolas crispata ' - 
Pisidium amnioum - 
Saxicava arctica 
Scintilla ambigua 
Scrobicularia plana - 
Solen siliqua- 
Sphserium cornenm - 
Tapes Tirgineus 
Tellina f'abula 
lata - 

obUqua 

' praetenuis 

Thracia sp. - 
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* Quart. Journ. Geol. Soc, vol. xxvii. pp. 345, 346. (1871.) 
t Ibid., -vol. xxii. p. 26. (1866.) 
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Teeth of Mastodon, and other vertebrate remains have also been 
found at Easton Bavent, and at Yarn Hill Mr. Iieach has recently 
obtained bones of sea-birds and teeth of the characteristic Upper 
Pliocene vole, Arvicola intermedius. 

Along the coast north of Easton Bavent, Crag does not re- 
appear above the sea-level for many miles, but one of the trial- 
borings made on the beach at Pakefield touched red shelly sand 
at a depth of a few feet (see p. 135), but no determinable fossils 
could be obtained. 

In the Waveney Valley shelly Crag is again met with between 
Bungay and Beccles, and is evidently of considerable thickness, 
though seldom rising above the level of the Marsh. One of the 
best known of the sections is found near Aldeby, in a brick-yard 
on the northern side of the Waveney, about a mile and a half 
north-north-east of Beecles (but four miles by road).* Here 
has been obtained the boreal fauna on which the separation of the 
Chillesford Crag from the Norwich Crag is founded ; for all the 
sections of the so-called Chillesford Crag further south, including 
Chillesford itself, have produced either very few species, or an 
assemblage quite indistinguishable from that of the Norwich Crag. 
At Aldeby we find a marked increase in the number of indi- 
viduals belonging to Arctic forms, but at the same time there are 
no additional boreal species, and the horizon can only be separated 
from the Norwich Crag by the disappearance of a few southern 
moUusca, and the preponderance of northern forms. 

The sections seen at different times at Aldeby are fully described 
in the Memoir relating to the di8trict,t and it will be sufficient to 
quote two, one measured in 1867 by Mr. Dowson and one seen in 
1875-6 by myself. Mr. Dowson's section of the central part of 
the pit is as follows : — 



Section of Aldeby Brick-yard. 

Feet. 

Warp ... . . 1 

[Valley Gravel.] Coarse gravel - - - - - 2J 

[Chillesford / Loamy sand, with thick veins of laminated clay 7i 

Clay.] "I Laminated clay ..... 6| 

f Sand without shells .... a 
I N.B. — A large flint, f owt., mentioned by Mr. 
rOhillesford J Prestwich, came from the sand about herej 

Crag.] "S Shell bed - .... 2 
I Sand, with veins of clay and a few fragments of 

(_ clay, to water level - . . . 4J 

A boring was made at the extreme east end of the section in 
1867. Sand and Crag (fragmentary), and perhaps a few small 



* Krst brought to" notice by C. B. Eose. Rep. Brit. Asuoc. for 1868, Trans, of 
Sect., p. n. See also Quart. Journ. Geol. Soc.,vo\.XKn. p. !ii6. (1866.) 

f Geology of the Country around Norwich (^Memoirs of the Geological Survey), 
pp. 86-88. (1881.) 

J See Quart. Journ. Geol. Soc, vol. xxvii. p. 4.'54. 
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seams of clay, were bored through to about 10 feet beneath the 
water level, and gravel was reached, which the boring-tool could 
not pierce. 

In 1875-6 the pit had been out further back into the hill, and 
I noted the following section, which seems to show the Pebbly 
Beds overlying the Ohillesford Clay : — 



Pebbly Series. 
Ohillesford Clay. 



Ohillesford Crag. < 



Ft. 


In. 


rH 





5 





4 





4 





6 





2 








5 


1 


4 


'- 


2* 





dk 


1 





2 

P 






Soil - ... 

Valley Gravel ... 

Sand, with occasional seams of pebbles 
J" Bedded loamy brick.earth 
1 Clayey ditto 
TBrpwn sand, with a line of Tellina 8 inches 

down, and another at 1 foot 6 inches 
Sand full of upright Mya arenwria 
Light brown sand with scattered shells 
Shell bed, Asta/rte, Maetra, Gyprina, &c. 

and occasionally large unworn flints 
Band of blue clay . . - 

Loamy brownish sand 
Hard brownish brick-earth with scattered 

shells .... 
Sand .... 

One of the most marked peculiarities of the Aldeby pit is the 
constant occurrence there of bivalves in the position of life with 
the valves united. The absence of derivative fossils (except 
possibly Pectunculus) also makes it an important locality for 
deciding what was the true character of the contemporaneous 
fauna of the Ohillesford Crag. This opportunity has been fully 
used by Messrs. Crowfoot and Dowson, to whose researches we 
almost entirely owe our knowledge of the fossils. The list now 
includes 66 species of MoUusca, air-breathers being exceptionally 
scarce and only represented by two or threo species. We have 
also traces of Deer, Elephant, Horse, and Vole, besides the 
Walrus ( Trichechus Huxleyi)^ the Dolphin (Delphinus delphis), 
and the Guillemot {Uria troile). A full list of the fossils will be 
found in the Appendix. 

Again on the southern side of the Waveney, Crag was met with 
in two wells at Beccles ' Waterworks. Here the surface was 
respectively at 107 and 110 feet above the sea-level, the wells 
both reaching the Chalk at a depth of 157 feet. The following 
section is condensed from the account communicated by Mr. 
W. M. Crowfoot,* who examined all the samples : — 



Well at Beccles Waterworks (1870-1.) 



Soil - - - . 

Chalky Boulder Clay . 
Middle Glacial Sands - 
Pebbly Series - 
ChiUesford Clay (loamy sands) 



Feet. 
1 
lOJ 

\n 

33 
15 



* Geology of the country around Norwich {Memoirs of the Geological Survey"), 
p. 156 ; see also'Proc. Norwich Oml. Sac., vol. i. pp. 76-79. 
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f Red coarse loamy sand, full of pieces of friable 
I shells - - - - - - 

Loamy sand, no shells, occasional veins of in- 



FiiET, 

3 



OhiUesford Orag, J durated loam in red sand. 



Uh feet.' 



Muvio-marine 

Orag. 

65J feet. 



' White sand mixed with red. !From 82 to 85 feet 

Tery shelly. 
Veins of indurated loam in sand 
^lean yellowish red sand, no shells 
"Muddy silt, impervious to water. Has a marshy 

smell (shelly) . - . - - 

Muddy silt, mingled with dark slimy clay 
Muddy silt, (at 116 feet numerous pieces of 

broken shells occur) - - - 

Clean sand . . . . - 

Sand with numerous rounded nodules of clay to 

137 feet - . . - 

Clean sand . . . . - 

To Chalk 



154 
3 

24 

3 

20 

157 



On the evidence of the fossils the muddy silts and sands of the 
lower part of these wells were referred to the Fluvio-marine Orag 
by S. V. Wood, who determined 50 species of mollusca. The 
assemblage corresponds with that of Aldeby, but is perhaps not 
quite so arctic. Similar shelly sands have been readied in several 
other wells in the neighbourhood of Beccles. 

West of Beccles the surface of the Chalk seems to keep at the 
same level for some distance, for at Geldeston about two miles 
from Beccles " white clay " (perhaps Chalk) was reached at about 
60 feet beneath the river-level in an old well. The greater part 
of the beds are described as bluish sand, but I could not learn of 
any shells being found. 

More recently (1888) Messrs. Isler & Co. have sunk a well 
at Broome Place, about two miles north-north-east of Bungay, 
which showed the following section : — 



Valley G-ravel. 

Boulder Clay. 

Pebbly Series, 
29 feet. 



Norwich Crag, 

48 feet. 



Well at Broome Place, Bungay. 

Sunk hole (no record) . . - 

Ferruginous gravel and sand ... 
/Yellow Clay - . - . - 

I Chalky Boulder Clay - - " - 

/Flint-pebbles ..... 
\ Flint-gravel, and sand .... 
"Grey gravelly sand. Mya arenaria, BaloMus, 
&o. ■ - 

Shell bed. Mytihis edulis, TelUna obligua, Mya, 
Oardmm . - . . . 

Loamy sand and shells .... 
Grey sand ..... 

Sand and shells. Fv/rpwa lapillus, Balanus 
Gravel and shells. Twrritdla terebra, Peeten 
cypereula/ris, Pwrpv/ra lapillus ... 
Coarse loamy sand. TelUna dbUgua 
Fine sand and shells . . - . 

To Chalk " 



Febt. 
10 
30 
12 
20 
9 
20 

16 

2 
2 
5 
6 

4 
6 
7 
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A sample of very shelly gravel marked 112-116 feet contained 
the following species: — 

Ohemnitzia internodula. Mya arenaria. 

Natioa catena. Mytilus edulis. 

Purpura lapillus. Nuoula Oobboldise. 

Trochus. Pecten operoularis. 

Tnrritella terebra. Pholas. 

Scrobicnlaria plana. 

Astarte. Tellina obliqua (or T. lata). 
Oardium edule. 

Corbula gibba. Balanus crenatus (very abund- 

Oyprina islandica. ant). 
Mactra ovalis. 

The shells are much rolled and waterworn, and indicate shallow 
water, though periwinkles and other species entirely confined to 
shores are rare. 

Around Bungay shelly Crag has been seen at the surface at 
three points ; in a small pit at Dukes Bridge ; in the cutting at 
Bungay Station, where however it is now entirely hidden ; and 
iit the foot of Bath Hills. It has also been met with in three 
wells at Ditchingham, but none of these were carried down to the 
Chalk, and we have no means of ascertaining the total thickness 
of the Orag in this neighbourhood.* 

Crag has been seen at several spots at the foot of Bath Hills, 
but during the survey of this district it could only be found in a 
pit in the kitchen garden at Ditchingham Lodge. It here 
consists of shingle and sand, mixed with shells, and contains the 
ordinary Norwich Orag fauna, with abundance of periwinkles — 
showing apparently the proximity of the shore. About 25 species 
of mollusca were found. 

The well at Ditchingham Hospital was in similar, but ap- 
parently more sandy beds, and the shells came from a somewhat 
lower level. Among the fossils was a single columella of Valuta 
Lamberti, broken but not much worn, and of the same light 
colour as the contemporaneous fossils. Except a specimen from 
the Drift, found by Dr. S. P. Woodward, this is the only 
occurrence of the Volute in Norfolk, though it occurs in beds 
of the same age at Yarn Hill. The rest of the fossils were all 
common Norwich Crag forms. 

Higher up the Waveney Valley, Crag reappears near Harlestou 
Station, and Mr. Dalton mentions two sections with fragments 
of Cardium, Cyprina, Tellina, and Turritella ; but possibly the 
strata represent the shelly condition of the so-called "Middle 
Glacial sands " so well seen near Beccles. About two miles to 
the west, at Needham, a well has lately been sunk to the Chalk, 
and the section and samples communicated by Messrs. Isler & Co. 
show that the Pliocene strata are here 95 feet thick. Of this 
mass the upper 25 feet consist of quartzite gravels without fossils 
(Pebbly Gravel) ; the underlying strata, down to the Chalk, are 
gravels and silty sands, with the common shoal-water Norwich 

* Full descriptione of the sections in the Waveney Valley will be found in the 
Geology of the Country around Norwich (^Memoirs of the Geological Survey) 
(1881), pp. 84-89. 
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Crag shells. Still further to the south-west Orag was again 
met with in a well at Hoxne Rectory, and appears to have been 
60 or 70 feet thick ; possibly in the Hoxne well only the deposits 
immediately above the Chalk belong to the Crag, but the exact 
depth from which the fossils vrere obtained is not mentioned.* The 
only fossil recorded is Purpura lapillus (many specimens). Two 
miles away Chalk crops out, and no overlying Crag is visible. 
The sudden rise of the Chalk immediately west of Hoxne, coupled 
with the common occurrence of the rock-loving Purpura lapillus, 
is suggestive of the existence in this neighbourhood of an old 
shore-line and buried Chalk cliff, against which the shelly Norwich 
Crag is banked. The great thickness of the Drift makes it 
impossible, however, to trace this old coast, though each year 
additional borings penetrate to the Chalk, and before long we 
may be able to fix the original limits of the Norwich Crag sea. 

The Crag of the VVaveney Valley is separated from the out- 
crops, further north by a wide area occupied By later deposits, too 
thick to be often penetrated by wells. Where Crag reappears, 
the Chillesford Clay has become so impersislent and thin, and 
there is so marked a tendency for clay-seams to come on at 
various horizons, that Mr. H. B. Woodward, who examined in 
detail the typical area around Norwich, felt compelled to class 
together the whole of the deposits beneatli the Lower Boulder 
Clay Bs Upper Crag or Norwich Crag Series. The following 
pages are mainly condensed from Mr. ^\'oodward's account. f 

The Upper Crag of Norfolk comprises a variable group of sands, 
pebbly gravels, and laminated clays, with occasional seams or 
patches of shells. Near Norwich and iu the Bure Valley it has 
a general thickness of about 30 feet. The ordinary succession of 
the beds is as follows : — 

4. Buff false-bedded saud and red gravel, formed chiefly of flint 
pebbles, with also pebbles of quartz and quartzite, and 
ironstone nodules. Veins and seams of laminated clay 
occur, and the gravel is occasionally cemented into a con- 
glomerate or " Iron-pan." [This division has been called 
the Pebbly Sands and Pebble beds, the Buro Valley Beds, 
also the Westleton Beds.] 
3. Laminated clay, with seams of sand and gravel ; or clay and 
sand in thin layers rapidly alteruating. [This division, has 
been called the Chillesford Clay.] 
2. White and brown sand with pebbly gravel and ironstone 
nodules. [This division, including also No. 1, has been 
separated into an Upper or Chillesford Crag, and a Lower 
or Fluvio-marine Crag.] 
I. Bed of unworn and rolled flints, called the " Mammaliferous 

Stone-bed." 
Chalk with flints. 

* Geology of Halesworth and Harlestou {Memoirs of the Geological Survey'), 
p 38. 

f See also Geology of the Country around Norwich {Memoirs of the Geological 
Survey), pp. 81-89. 
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The Upper Crag is exposed on the borders of the valleys oE 
the Bure and Yare and their tributaries ; in the Bure Valley it 
covers the larger extent of ground. 

Shells are most abundant in beds 1 and 2. They are generally 
much comminuted, but sometimes entire and in their natural 
position. The bands of clay (3) have no doubt served in some 
instances to protect the shells from destruction by percolating 
water, for when these occur in the pebbly gravel (4) they are 
generally in the form of casts. 

The impersistence of the shell-beds has been the subject of 
remark by almost every observer. In by far the larger number 
of sections of the Norwich Crag no organic remains have been 
found. In some pits where their former abundance has been 
testified to, they are now rare, or the seam has been entirely 
worked away. While on the other hand, pits at one time yielding 
no shells have now become fossiliferous. Hence considerable 
interest is attached to every pit that is being worked. 

To its occasionally fossiliferous nature the Norwich Crag owes 
the attention it has received. The shells were so early as 1729 
noticed by John Woodward in his celebrated Catalogue, and 
they were subsequently illustrated by Parkinson, William Smith, 
J. and J, De Carle Sowerby. 

The earliest descriptions of the strata are contained in the 
writings of Arderon dating 1746, after which time they were 
not particularly noticed until, in 1823, R. C. Taylor gave a clear 
and excellent description of the beds, and first applied in a definite 
geological sense the term Crag, a word commonly used in Sufiblk 
to designate any shelly sand or gravel. 

Later, in 1833, the beds were described and many of the species) 
were figured by Samuel Woodward; and in 1836 Mr. Charles- 
worth proposed the term Mammaliferous Crag to distinguish the 
Crag beds of Norfolk from the Red and Coralline Crags which he 
had previously separated. The term Norwich Crag was subse- 
quently employed by Lyell in 1839.* Thus the terms Mamma- 
liferous or Norwich Crag came into use, and as a rule they were 
taken to include the group of beds here considered aa Upper Crag. 
The term Norfolk Crag was employed by John PhiilipSjt and 
Upper Crag by Mr. Godwin-Austen.t and Messrs. Wood and 
Harmer.§ 

Of late years the beds and fossils in the principal sections have 
been minutely examined and described, and it has been sought 
to establish divisions that have been made out in the so-called 
typical section at Bramerton, and to correlate divisions in other 
sections with them. 



♦ Proc, Geol. Soc, vol. iii., p. 126. 

■f Bep. Brit. Assoc. 1863, Trans, of Sections, p. 85. 

J Rep. Bnt. Assoc. 1868 ; Geol. Mag., vol. v., p. 475. (1868.) 

§ Rep. Brit. Assoc, for 1868, Trans, of Sections, p. 80 ; Geol. Mag., vol. v., 
p. 452. (1868.) The name Norwich Crag is not even used by Messrs. Wood and 
Harmer in their map of the Crag District. 

K 60798. H 
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Certain lithological characters and certain species of mollusca 
have been taken as guides in forming the subdivisions ; but un- 
fortunately the numerous observers have not only, as a rale, taken 
different views but have used different terms ; hence there have 
been imported into the subject of the Pliocene deposits of Norfolk 
such a number of local names and synonyms that the literature 
is most confusing to the student. 

Thus in 1865 Dr. J. E. Taylor pointed out the differences in 
the two shell beds exposed in the Orag on Bramerton Common, 
The upper bed contains a larger per-centage of northern mollusca, 
and the most abundant species in it belong to somewhat deeper 
water than those found in the lower division.* 

Subsequently S. V. Wood, jun., correlated this upper bed of 
Crag with the Chillesford shell-bed above the Eed Crag, and he 
paralleled a seam of brown clay which almost immediately over- 
lies it, with the Chillesford Clay. The lower bed of Crag at 
Bramerton he regarded as the fluvio-marine equivalent of the 
upper portion of the Eed Crag. 

More recently Messrs. Wood and Harmer separated the fos- 
sUiferous pebbly sands and gravels of Belaugh, Wrexham, Crost- 
wick, and other places in the Bure Valley from the Norwich 
Crag, regarding the occurrence in them of Tellina balthica 
{solidula) as an indication of their distinct age. And hence these 
pebbly sands came to be regarded by them as " Lower Glacial 
Sands," and (in 1866) to be called the "Bure Valley Beds."t 

Still later Prof. Prestwich divided the beds into Norwich Crag, 
Chillesford Clay, and Westleton Shingle, He included most of 
the fossiliferous beds, whether with or without Tellina balthica, 
as Norwich Crag. His Westleton Beds are, in the district now 
described, generally equivalent to the Bure Valley Beds. J 

The Norwich Crag has been described as a variable group of 
sands, pebbly gravels, and laminated clays, with occasional seams or 
patches of shells. And this is not only true of the several sections, 
if, for instance, we compare those at Thorpe, Po'stwick, Bramer- 
ton, and Whitlingham, one with another, but it is equally true 
of the sections themselves, for as these are in course of time cut 
back for economic purposes, the sections vary continually, owing 
to the extensive false-bedding. None of the beds are persistent. 

The attempted subdivisions and correlations have been made on 
lithological and palseontological grounds. 

On lithological grounds the Chillesford Clay has been taken as 
an horizon. It has been described as a beautifully laminated clay, 
comprising in reality rapid alternations of clay and sand, both 
very micaceous. At Aldeby, Surlingham, Hartford Bridge, 
South Walsham, Hoveton (near Wroxham EaUway Station), 

* Geol. Mag., vol. -viii., p. 314. 

t See Geol. Mag., vol. v., p. 455 (1868) ; vol. vi., p. 232 (1869) ; vol. vii., p. 20 
(1870). Qiiart. Journ. Geol. Soo., vol. sxii., p. 547 (1866). See also Proc. 
Norwich Geol. Sac, vol. i., p. 50 (1878). 

J Quart. Journ. Geol. Soc, vol. xxvii., 1871, p. 452. 
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Ooltishall, and Ludham, there are good "jambs" of clay,* from 
3 or 4 to 15 or 18 feet in thickness. These possess almost iden- 
tical characters. But at the " typical " localities of Thorpe, Post- 
wick, and Bramerton, there is no conspicuous development of 
clay, and where seams are present they do not always possess the 
lamination said to be characteristic of the Chillesford Olay. One 
who visited the before-mentioned localities in succession would 
undoubtedly go away convinced that the Chillesford Clay was a 
well-marked horizon in Norfolk. But if he endeavoured to trace 
out these clays on the ground, noticing the intermediate sections, 
and the behaviour of the clays themselves, he would become con- 
vinced that while such laminated clays are characteristic of the 
Pliocene beds of Norfolk, they are not confined to one horizon, 
they were not all deposited at one particular time, and their 
absence is not necessarily the result of denudation. 

The sections at Ooltishall and Hartford Bridge, as well as 
those at Thorpe Hamlet, Hellesdon, and HamKngton, demonstrate 
that these clays are intimately connected by false-bedding with 
the pebbly gravels that often overlie them, and that they pass 
occasionally by interbedding in their horizontal extension into 
sand and gravel. In some sections we find two or more bands of 
clay, any one of which might on lithological grounds be termed 
the Chillesford Clay. 

Turning now to the divisions based on organic remains, it is a 
fact that the two beds at Bramerton Common present some differ- 
ences of local interest. But these two beds are merely separated 
by a few feet of false-bedded sand, which contains shells spar- 
ingly. And while the lower bed includes a larger assemblage 
of species, only three rare forms found in the upper bed have not 
been obtained in the lower. The lower bed has been termed 
by Lyell the Fluvio-marine Crag, because containing a mixture of 
marine, land, and freshwater shells, with bones of fishes and 
mammalia, it was clearly accumulated at the bottom of the sea near 
the mouth of a river. The influence of freshets is seen in the 
varieties and monstrosities of the Purples and Periwinkles 
(Fig. 25). But the deposit itself and the majority of the organic 
remains are so decidedly marine, „ „„ 

that the term iluvio-marme is 
rather apt to mislead. While Littorina httorea, distorted. 

numbers of freshwater shells 
from the Crag may be seen in 
Museums and private collec- 
tions, they are exceedingly rare 
in the deposit. Borings of 
Pholas and marine Annelides 
occur in the ChaUi at the base 
of the Stone Bed, and among 
the boulders and sometimes in crevices of the Chalk there occur, 

* The term " jamb " is applied to any impersistent, and generally lenticular 
mass of clay, marl, or brickearth — it is a bed " jammed between other strata." — 
{Nail.') Some of these beds of clay are shown on the Geological Survey Ivlaps. 
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at Thorpe near Norwich, many specimens oi Pecten opercularis 
and Tellina crassa. 

The upper bed at Bramerton has been correlated with the 
seam of shells at Brundall, and with the Orag at Aldeby, 
Horsteadj and Burgh near Aylsham. But the Crag of Horstead, 
Coltishall, Burgh, and that also of Belaugh (" Bure Valley Beds ") 
is regarded by Messrs. Wood and Harmer as fluvio-marine in 
character.* Hence the application of the term fluvio-marine to 
the lower bed at Bramerton is as ambiguous as it is unnecessary, 
for as Mr. Goodwin- Austen has remarked, "the fluvio-marine 
portions of the Norwich Orag are simply the indications of the 
places where rivers discharged into the sea."t 

Moreover from the fact that there is no hard line between the 
divisions made out at Bramerton, and that they are there con- 
nected by occasional shells through the intervening sand, there 
is nothing to show that the equivalent of this sand may not 
elsewhere be represented by a mass of shells. It cannot be said 
positively that the shell beds at Akleby, Brundall, and Coltishall 
were formed precisely at the time when the uppermost Crag of 
Bramerton was laid down. 

Comparisons have been usually based on the so-called typical 
section at Bramerton, where the uppermost zone shows the com- 
parative abundance of the slightly deeper-water and more boreal 
forms, suggesting slow submergence attended by gradual altera- 
tions in the climatic conditions. Trifling indeed would be the 
alterations, for in number of boreal species the lower crag furnishes 
a larger list than the upper crag. The lower bed is conspicuous 
for the abundance of littoral shells. 

The chief fossiliferous localities are Thorpe, Postwick, Bra- 
merton, Whitlingham, and Brundall, in the Yare Valley ; and 
Wroxham, Belaugh, and Coltishall, in the Bure Valley. To these 
may be added several other names of places now or formerly 
fossiliferous, Attlebridge and Catton, in the Wensum Valley ; 
Hamlington, Little Plumstead, Kirby Bedon, Trowse, Arminghall, 
Lakenham, Shottesham, Foi'ncett, Newton Flotman, Stoke Holy 
Cross, and Saxlingham Nethergate, in the valley of the Yare and 
its tributaries ; Salhouse, Kackheath, Crostwick, Spixworth, 
Horstead, Stratton Strawless, Marsham, and Aylsham in the 
Bure Valley. 

When we come to study the shells in the several beds of Crag, 
even those acknowledged to be on the same horizon, we find that 
they vary not only in the abundance of particular forms, but also 
in the number of diflferent species, indicating perhaps slightly 
varying depths of water or diversities in the sea-bed, that in- 
flueqped their distribution. At Brundall Station, for instance, 
Nucula CobboldicB is specially abundant. At Brundall Church, 
in a bed distinctly on the same horizon, this shell is rare, and 
perfect valves of Cyprina islandica are met with in profusion. 

* Supp. to Crag Mollusca, p. 112 (1872) ; Geol. Mag., vol. v., p. 452 (1868). 
t Quart. Joum. Geol. Soc, vol. vii., p. ISS. (1849.) 
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At Blake's pit, Bramerton, Scrobicularia plana is abundant, though 
exceedingly rare in the adjoining pit on the Common. Calyptrcea 
chinensis and Loripes divaricatus abundant in an adjacent lane- 
cutting, in Kirby Bedon parish, are not nearly so common in 
either of the pits at Bramerton. At Arminghall Mactra ovalis 
is so abundant that Dr. J. E. Taylor well observed that the 
deposit might be called the Mactra bed. In one pit at Wroxham, 
Astarte borealis is particularly common, Tellina balthica is rare; 
while at Belaugh the reverse is the case. 

Although the term Mammalif'erous Crag was applied by Mr. 
Charlesworth, from the occurrence in it of the remains of masto- 
don, elephant, deer, &c., yet these remains are so rare in the Crag 
that it falls to the lot of few collectors to obtain specimens them- 
selves ; and most of those which enrich our public and private 
coUectiong were obtained from the workmen engaged in digging 
the Crag. Probably not more than twenty teeth of the Mastodon* 
have been obtained, but this form possesses peculiar interest from 
the fact that it has not at present been discovered in the Forest- 
bed Series. 

It is the general opinion, and one confirmed by the testimony of 
the workmen, that the mammalian remains are most abundant in 
the lower portions of the Crag. Its basement bed consists of a 
layer of more or less rolled flints with a few pebbles of quartz and 
quartzite, embedded in a clayey or sandy matrix, and has been 
termed by Mr. Gunn the " Mammaliferous Stone Bed,'' from the 
fact that so many bones have been obtained from it. 

The bones found at Thorpe, where Mr. H. B. Woodward has 
obtained numerous specimens, are, however, most abundant im- 
mediately above the Stone Bed, few occurring in it. During 
recent years the Crag has been extensively removed and the 
Stone Bed has been well exposed. On one occasion a portion of 
the tusk of an Elephant was found- on the Stone Bed. Still the 
specimens are sufficiently near the Stone Bed to support the state- 
ment that bones are most abundant in the lower portions of the 
Crag, though Mr. Woodward does not consider that they have 
any special connection with the Stone Bed, or that this bed ought 
to be separated from the Crag. 

Instances are on record of Mammalian remains having been 
obtained at some distance above the base of the Crag, as at Sur- 
linscham, where the tooth of a Mastodon was found by the 
workmen in a bed of sandy gravel just above the iiiass of lami- 
nated clay so largely worked. The exact spot from which this 
specimen was obtained was pointed out by Mr. Gunn, in 1873, 
who explained that the specimen showed signs of having been 
derived from some lower bed, for adhering to the tooth, were 
portions of a hard gravelly matrix, which was distinct from the 



* Noticed by Parkinson (1811), Organic Remains, p. 449. A grinder of the 
Mastodon found at Whitlingham was figured, in 1816, by William Smith in his 
Strata Identified by Organized Fossils. 
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beds in which it was deposited. At Coltishall mammalian 
remains have been found in the pebbly gravel overlying the clay- 
beds. 

The evidence shows that the bones may belong to the period as 
much as the shells which occur abundantly in the Stone Bed and 
in crevices of the underlying Chalk. Although perhaps com- 
prising relics of some old land-eurface destroyed^ during the 
formation of the Crag, it is hardly possible that the Stone Bed 
represents an ancient soil, or that any portion of the Chalk itself 
is an old land surface. At Postwick the surface of the Chalk, as 
is well known, is bored by marine shells and annelids ; and at 
Bramerton the presence of Pholas-burrows has also been pointed 
out. 

The Stone Bed is therefore part of the Norwich Crag. Its 
formation was very likely somewhat analogous to that of the 
coarse flint foreshores and sea-beds found near Cromer and 
Trlmingham, where the flints are worked directly out of the 
Chalk. Hence it may be of slightly different ages as the Crag sea 
encroached further and further. 

The Mastodon it is true indeed lived in earlier times than those 
of the Norwich Crag, and its remains might have become em- 
bedded in some previous freshwater or lacustrine deposit, whose 
destruction, as suggested by Mr. Harmer, yielded the remains 
found in our Norwich Crag ; and yet it may have lived on to Newer 
Pliocene times, and remains of the animal, thrown on ihe beach, 
may have been in some cases rapidly covered up and preserved. 
From the state of preservation of the specimens in Mr. Fitch's 
collection, Mr. E. T. Newton was of opinion that they could not 
have been derived but belonged to animals that had lived in the 
Crag period. 

A few of the more interesting of the sections in the Norwich 
area will be selected to illustrate the singular variability of the 
deposits, for though by taking particular pits as " types '' we can 
subdivide the Crag into apparently well-marked zones, yet a series 
more truly illustrating the character of the Norwich Crag will 
show how impersistent are these zones, and how little reliance 
can be placed on mere lithological changes. It should not be 
forgotten also that the whole of the Pliocene strata of this district 
are essentially of shallow-water or littoral origin, and that such 
deposits, from the nature of their origin, must alwaj's be extremely 
variable. 

Continuing to follow northward ihe exposures of the Crag we 
will take first the Valley of the Tese. Here Pliocene beds out- 
crop for a long distance, but most of the sections are of little 
terest and are sparingly fossiliferous. It will therefore only be 
necessary to mention one or two of them^— the rest will be found 
fully described in Mr. H. B. Woodward's Memoir. _ 

The most southerly of the fossiliferous pits in the Tese Valley 
occurs at Tharston Furze Hill, about one mile south of Flordon 
Station, Above the Chalk was seen the stone-bed, and this was 
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overlaid In one part by a bed of laminated clay, and a mass of 
buff and brown false-bedded sands, all belonging to the Crag 
Series. Bones have been found in the Stone Bed, and an elephant's 
tooth, identified by Mr. Gunn as Elephas leptodon (= £!. antiquus, 
var.), was found in gravel about three or four feet above the Chalk, 
but may belong to a deposit newer than the Crag. 

At Saxlingham Nethergate traces of shelly Crag with Leda 
lanceolata and Turritplla terehra have been seen, and remains of 
Mastodon are recorded from one pit, but most of the beds seem to 
consist of unfossiliferous pebbly sands. Shells again occur im- 
mediately above the Chalk on the opposite side of the main valley, 
at Newton Flotman. Wood referred the shelly Crag at Saxling- 
ham to the Chillesford Crag. 

At Stoke Holy Cross the strata apparently become more 
fossiliferous, and in a pit situated about half way between the 
Church and the Mill Mr. H. B. Woodward noted the following 
section : — 

Glacial drift 22 ' 

fG-ravel and sliingle - ... 8 

I Sand 2 

-p, ri J Laminated clay and sand - - - 1 to I5 

upper brag - S ghelly seam and stone bed, with bones of ^os 
and Oervus, Trophon antiquus, Mytilus 
[_ edulis ..... 1 

Chalk with flints (16 feet shown). 

Shells have also been found in an old well at Stoke (S. Wood- 
ward, MS. 1825) ; the species being apparently Littorina littorea, 
Purpura lapillus, Troplxon antiquus, Cardium edule, Cyprina 
islandica, Mya arenaria, Tellina obliqua, as well as bones of deer (?) 
and Platax. 

Near Arminghall, and about half a mile south-east of Lakenham 
Bridge, the following section may be seen : — 

Feet. 
r Sand and pebbly gravel - - - 10 

Upper Crag - \ Shell-bed 3 to 4 

L Laminated clay .... 2 

Chalk. 

The section at Arminghall is of interest in showing a bed of 
shells above a band of clay, which has been termed the " Chilles- 
ford Clay," and which rests upon the Chalk. Attention was 
drawn to it in 1869 by Dr. J. E. Taylor, who pointed out that 
the clay rested directly upon the Chalk, excepting the usual 
Stone Bed, and was capped by a bed containing Norwich Crag 
shells. The following is a list of the species obtained here by 
Mr. H. B. Woodward: — 

Littorina littorea. Mactra ovalis. 

Natica, sp. Mya arenaria. 

Purpura lapillus. Mytilus edulis. 

Cardium edule. Tellina obliqua. _ 

Cyprina islandica, > prsetenuis. 
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At Arminghall the Tese joins the Yare, and instead of im- 
mediately continuing the description of the beds around Norwich, 
we will first take the upper part of the Valley of the Yare. 

The sections above Eaton and Cringleford show pebbly gravels 
in which no fossils appear to have been found, but both ferruginous 
casts and shells with the calcareous matter preserved occur at 
Eaton* At Hartford Bridge clay occurs in considerable thickness, 
and Mr. H. B. Woodward sketched the following section (Fig. 26), 
remarking that " the mode of occurrence of the clay and sand 
proves the intimate connection of the deposits, for not only does 
the clay contain lenticular patches of pebbly sand, but itself forms 
a great mass, false-bedded with the overlying sand and gravels. 
No such a mass of clay is seen in the adjoining pit at Eaton where 
Crag shells have been found. This wedge-shaped mass is about 
20 feet in length."t Fragments of mammalian bone have been 
found in the sand and shingle (bed 1) beneath the laminated clay. 



Fig. 26. 

Section at Hartford Bridge. 

(H. B. Woodward.) 




7^ 'I P 'i'., 



Upper Crag 



A. Chalk. 



"4. Pebbly gravel .... 

3. Wedge of pebbly gravel (three feet) 

2. Laminated clay, witli nests and veins of 

sand and fine gravel dovetailing into the 

pebbly gravel 
1. Sand and sbingle 



Feet. 
10 



5 
4 to 6 



The Pliocene strata outcropping in the Valley of the Wensum 
west of Norwich consist mainly of pebbly sands, with traces of lami- 
nated clay, but nearly always without fossils. Around Norwich 
itself sections are so numerous that we can here only allude to a 
few of the more interesting ones, all of which lie in the Valley 
of the Yare between the city and Surlingham. The other sections 
are described in Mr. Woodward's Memoir {op. cit.) 



* Lyell, Phil. Mag., 1839, p. 260. 

t Geology of the Country around Norwich {Memoirs of the Geological Survey') 
p. 69. 
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In Thorpe Hamlet — which forms the eastern part of the city — 
there are two pits which should be visited. At the St. James' pit 
an excellent section o£ the Crag beds is shown : — 



Upper Orag < 



Chalk. 



False-bedded ■white, yellow, red, and grey 
sand and fine gravel, with an impersistent 
mass of laminated clay near the middle, 
at the eastern end of the pit 

Laminated clay and sand 

Gravel and large worn flints, resting on an 
irregular surface of Chalk, with nests of 
ironsand and comminuted shells. Mytihts 
edwKs, Astarte horealis 



Feei. 



25 
3 



In the large pit south of Bishop's Bridge, called Lollard's Pit, 
Mr. Woodward sketched the section shown in Fig. 27 : — 



Fig. 27. 
Pit near St. Matthew's Church, Thorpe Hamlet. 




^^^r.<..: 



Glacial Drift | g 



Sand and coarse gravel. 

Brickearth (stony loam). 

Pale grey and yellow sand and fine shingle. 
I 3. Streaks of laminated clay. 
Upper Crag ■{ 2. False-bedded brown and yellow sand and shingle, 
I with " stone-bed " at base. 

1 1. Chalk with flints. 



The clay (3) Prof. Prestwich* classed doubtfully as Chilles- 
ford Clay. He also remarked that small patches of shells are 
occasionally found in the lower part of the Crag. 

Thorpe, about a mile further east, is one of the best-known 
localities of the Norwich Orag. Three pits have been opened at 
the eastern extremity of the village ; the one at the kiln im- 
mediately west of the Cromer branch railway (where it crosses the 
Norwich and Yarmouth road) is the only pit where shells are now 
obtained. The general section of the Crag at Thorpe Kiln will be 



* Quart. Jowm. Geol. Soc, vol. xxyii. p. 469. (1871.) 
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seen from the accompanying section (Fig. 28) noted by Mr. 
Woodward in 1875. 

Pig. 28. 
Section at Thorpe Lime-kiln, near Nonoich, 










Feet. 
5. Irregular sandy capping, thickening out to - - 4 

4. False-bedded sand and shingle, formed chiefly of flint 
and quartz, hardened in places and at various levels 
into a black ironstone-conglomerate or "iron-pan," 
which contains casts of shells - - - 8 to 12 

3. False-bedded sand and pebbly gravel with in-egnlar 

seams of micaceous sandy clay ; shells at base - 2 to 4 

2. White and buff false-bedded sand with shell-patches - 5 to 6 
1. Eolled flints and clay, with sand, pebbles, and shells, 

"Stone Bed" 1 to 2 

A, Chalk with flints and " paramoudras," 20 feet shown. 

The strata are clearly shown, but not the sub-divisions that 
have been made. There is a conspicuous shell-bed, sometimes 
six feet in thickness, occupying patches in the white and buff- 
coloured sand (2) stretching along the face of the quarry, and there 
are thin beds of brown rudely stratified and impersistent clay 
above it (3) — termed by some the Chillesford Clay. Shells are 
found at all horizons between the Chalk and this clay, but they 
are very local, for in places the beds are entirely unfossiliferous 
from top to bottom. Nowhere are there two marked or persistent 
horizons of Crag beneath this clay. 

The Stone Bed, about 2 feet in thickness, contains great boulders 
of flint in a loamy matrix, and yields Pecten opercularis, P. pusio 
(one specimen), Tellina olliqua (pairs), Tellina crassa, Mytilus 
edulis (pair), Mya (pair), Mactra, Buccinum tenerum, Trophon 
antiguus (large specimens), &c. 

The bones occur most abundantly on the surface of the Stone 
Bed, not so often in it or under it. Mr. Woodward obtained a 
portion of a tusk in September 1878, and saw, the day, after, the 
exact position in which another portion of tusk, 4 feet 6 inches in 
length, had been obtained. This was on the surface of the Stone 
Bed. 
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Casta of shells, "about 10 or 12 feet higher than the bed 
of rejectamenta," were noticed so long ago as 1837 by the 
Eev. Thomas Clowes. They occurred in the "iron-pan," and 
Mr. "Woodward recently obtained the following species at the 
eastern end of the pit : — 

Littorina littorea. Mytilus edulis. 

Purpura lapillus. Nucula Oobboldia3. 

Oardium edule. Tellina balthica P 

Modiola (large sp.). obliqua. 

Mya arenaria. 

If Tellina balthica is correctly determined this is the only 
instance of its occurrence near Norwich, the specimens previously 
recorded being of doubtful origin. A complete list of the species 
found in the lower beds at this locality will be found in 
Mr. Woodward's Memoir. 

The various pits near Postwick are now much overgrown, but 
most of them appear to have been fossiliferous, and this is one of 
the best known localities for Norwich Crag shells. In the pit 
near Postwick Church the surface of the Chalk was drilled by 
Annelids and contained Pholas crispata. East of Postwick the 
Chalk sinks below the marsh-level, so that we can now no longer 
find any base to the Crag. At the same point that the beds sink, 
there appears to be a tendency for the laminated clays to thicken 
and become more persistent — as they always seem to do towards 
the east. A section in the wood south of Brundall Church well 
illustrates this change : — 

Feet. 

Warp 3 to 5 

("Pebbly sands .... 6 

TT T P o- J Laminated clay ... 5 

upper ijrag -^ g^nds -witb an occasional gi'avelly seam, 

L and shells at intervals. Base not seen - 15 

In this pit univalves were scarce, even Littorina littorea was 
rare, but the Crag was especially rich in Cyprina islandica, entire 
valves of which, though not in pairs, were abundant. Astarte 
borealis, A. compressa, Leda oblongoides, Lucina borealis, and 
Tellina obliqua were common ; while Tellina prcetenuis and Nucula 
CobboldicE, the latter most abundant in the railway cutting further 
east, were rare. 

The railway cutting just mentioned shows three feet of 
laminated clay, besides numerous seams of clay in the overlying 
pebbly gravel. About a quarter of a mile east of the Station the 
clay has been dug for brickmaking, having a thickness of seven 
or eight feet. East of this point the shelly strata seem to have 
entirely disappeared beneath the sea-level, and the description of 
the overlying laminated clays and pebbly gravels will be left for 
another Chapter. 

On the opposite (south) side of the river the deposits are 
similar, but the pits at Whitlingham, Bramerton, and Surlingham 
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may be described ; for at Whitlingham was found the tooth of 
Mastodon, figured by William Smith ;* Bramerton is commonly 
taken as the typical locality for the Norwich Crag, where the 
shell-beds can be divided into two zones ; and Surlingham has 
also yielded a tooth of Mastodon. 

Numerous pits which have been opened for the working of 
Chalk at Whitlingham have also exposed the Crag, and two were 
being worked in 1875-1878. In the larger pit the strata are 
variable and at one time dis{)layed a remarkable disturbance, 
caused by glacial action. One face of this pit showed (in 1877) 
the following section, observed by Mr. Woodward : — 

Fib. 29. 
Section at Whitlingham. 




■^-^■^^^hXOr^ 



Feet. 
4. Pebbly gravel and sand, with seam of shells - - "] 

3. Laminated clay and seam of shells - - ' L Ti t 91 

2. Sand and pebbly gravel with patches of shells - [ ° 

1. Stone-bed - - - - - -J 

A. Chalk. 

This section exhibited one of the lenticiolar masses of lami- 
nated clay sometimes called " Chillesford Clay " ; it overlaid a 
bed of shells, and was itself overlain by two similar beds, one of 
which it perhaps partly replaced. At this time (1877) the eastern 
face of the pit showed no distinctive clay-band at all, and while at 
one time it exhibited a small nest of shells, on a subsequent visit 
this was quite worked away. This pit alone shows that no dis- 
tinctive horizons can be traced out in the Upper Crag by the 
occurrence either of shell-beds or of laminated clay. Diagrams 
drawn at different times, as the beds are worked away, are quite 
different in detail. 

The pit on Bramerton Common, though now far inferior in its 
exhibition of the beds to either Whitlingham or Thorpe, has 
always been treated as a typical section of the Norwich Crag ; 

* Strata identified by Organized Fossils. 4to. 1816. 
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Mr. Woodward's description* is therefore here reproduced in 
full. The section is as follows : — 

Feet. 
Yery fine sand with gravelly seam at base - - 1 to 2 

Palae-bedded ferruginous sand with pebbles of flint, 

quartz, &c. ...... 2 

Blue and brown mottled clay .... 1 

Sand with shells. Zone of Astarte horealis - . 2 

Seams of brown clay . . . . .~1 

Sand with a few stones and shells sparingly (about 12 

feet) - - . - - - ■{ 

Seams of brown clay (6 ins.) - - - - f 

Shell.bed with seams of brown clay (about 6 feet) - | 
Bed of flints (1 foot) with Mya in natural position -J 



20 or 21 



To Chalk with flints (about 2 feet above the river-level) about 27 

"R. C. Taylor, who described the section in 1823, gave a 
thickness of 50 feet for the Crag, and mentioned three distinct 
beds with shells. Samuel Woodward gave the thickness as 60 
feet, and his account varied very much from Taylor's. Indeed 
every section taken at intervals must vary as the beds themselves 
are so changeable. I am entirely unable to agree therefore with 
the special correlation made with the beds at Ohillesford and else- 
where. In a large way the beds correspond, but it is impossible 
to correlate minute divisions which change as the beds are worked 
away. 

" Bramerton has always been the chief collecting ground. 
Sowerby's specimens were nearly all obtained from this locality ; 
so also were those enumerated by Mr. S. V. Wood in his Crag 
Mollusca. Tellina balthica therein recorded by him, has been 
subsequently regarded as an erroneous statement : it has never 
been met with by Mr. James Reeve during his exhaustive ex- 
amination of the beds. To Mr. Reeve indeed we are mainly 
indebted for our present knowledge of the Bramerton Crag fauna. 

" A large mass of Chalk was found at the foot of the Cliff at 
Bramerton by the Rev. VV. Foulger, perforated by the Pholas 
crispata, 3 inches in diameter. Similar borings were also 
detected by the Rev. T. Clowes. 

" Hydrobia subumhilicata have been found in some abundance in 
the lower bed on Bramerton Common by Mr. Reeve, but so far as 
I am aware all of the freshwater shells are very rare. Sections of 
the pit on Bramerton Common have been published by Mr. S. V. 
Wood, jun., in his Remarks in Explanation of Map (1865), Sec. 
24; and in conjunction with Mr. F. W. Haruier, in the Supple- 
ment to the Crag Mollusca, Sec. XVI. 

*• Shells were noticed further east, so far as the boundary with 
Surlingham parish, by J. W. Robberds; and by S. Woodward 
' about 300 yards lower down the river by the side of a cottage. 
This would be about the spot where we now find the excavation 

* Geology of the Country around Norwich {Memoirs of the Geological Survey'), 
pp. 82, 83. 
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known as ' Blake's Pit/ to which Mr. J. Eeeve directed attention 
in 1 870, The Crag here is often called the ' Scrobicularia bed ' 
from the abundance in it of Scrobicularia plana. Mr. S. V. Wood 
says it ' appears to intervene between the few feet of, specially 
Fluvio-marine Crag which rests on the chalk and the Chillesford 
bed.' For my own part I cannot recognize such a distinction. 
Blake's pit shows a mass of shells and sand from top to bottom, 
with included, streaks of olay. The Scrobicularia so abundant 
here is very rare in the adjoining exposures on the Common. 
Many of the shells are highly stained with iron-oxide in Blake's 
pit, and present quite the appearance of Red Crag fossils." East 
of Bramerton the Chalk disappears beneath the marsh level, but 
shelly Crag can be traced for about one and a half miles further. 
In 1873 Mr. Gunn drew attention to the discovery of a Masto- 
don's tooth in the beds in a pit near Surlingham Wood. The 
following was the section then recorded : — 

Feet. 

7. Gravel, from wHch a NeolitMo implement ■was taken. 

6. " First-rate CMlleBford Olay " - - - 10 

5. Bright yellow sand in wHoh. tlie tooth, was found - - 3 

4. Red gravel. 

3. Lighter colonred olay with large interspaces of sand, 

beautifully laminated - - - - - 8 

2. " Chillesford Olay " more compact, and the lower part of 

a darker bright blue colour - - - - 10 

1. Fine sand in which shells were found 6 feet below the clay. 

Associated with the tooth were broken fragments of a leg bone 
of the Mastodon or Elephant. The tooth bore a matrix of dark- 
coloured gravel and sand, thus differing from the sand in which it 
was found. Mr. Gunn considered that it was derived from the 
Stone Bed. 

The following was the section of the pit when Mr. Woodward 
visited it in 1877. 

Fig. 30. 
Section at Surlingham Wood. 



Feet. 
5. Warp - . - . - 2 to 3 

{4. Brown clay, sand, and gravel, contorted 5 

3. Sand in which bones had been found - 1 to 2 
2. Laminated olay and sand - . 10 to 12 

1. White false-bedded sand. 
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Here again there seems to be a, great tendency for the clay 
beds to thicken towards the east as they sink beneath the sea- 
level. 

This completes the description of the typical Norwich area, 
and it only now remains to speak of the transition district of the 
Bure Valley, where the overlap spoken of in former Chapters 
seems often to lead to the gradual disappearance of the lower 
part of the Norwich Crag, and to the consequent superposition of 
the newer Weybourn Crag immediately upon the Chalk. 

North of Norwich the shelly Crag first reappears in the valley, 
tributary to that of the Bure, at Spixworth, Crostwick, and 
Kackheath. These sections are poor, and principally interesting 
as yielding Tellina balthica. At the lime-kiln north of Rackheath 
Church, the Crag would at first sight be termed unfossiliferous, 
but casts of shells are here and there preserved in thin bands of 
ironstone ; the following is the section : — 



Upper Crag 



Feet. 
f Pebbly gravel .... 6 

I Black ironstone and indurated sand with 
I ironstone nodules, and oasts of Gardmm 
-■^ edule and Littorina littorea - - i 

I Yellow sand and gravel - - - 9 

I Laminated sandy clay, disturbed at top - 1 to IJ 
l_Fine buff sand with gravelly seams - . 1 J 



m 



Chalk. • 

About three furlongs further north the same beds show shells 
in abundance : here the section is as follows : — 

Feet. 
r 3. Pebbly gravel with shells up to the surface 6 

Upper Crag - "I 2. Laminated clay . . . . i 

L 1. Shell bed, sand and gravel - - 2 

Chalk with flints. 

This is one of the most instructive sections in the Bure 
Valley : it exhibits the (occasionally) fossiliEerous nature of the 
" Pebbly sands and Pebble beds " (" Bure Valley Beds "), and 
shows that in point of structure they cannot be separated from 
the Norwich Crag. 

The following species of shells were collected from this exposure 
of the Crag, by Messrs. S. C. Sothern and H. B. Woodward. 



Littorina littorea - 
Natica catena ? 
Scalaria groenlandica 
Astarte borealis 

compressa 

Oardium edule 
Cyprina islandica - 
Mya arenaria 
Mytilus edulis 
Nucula CobboldiaB 
Tellina obliqua 

' prsetenuis - 
balthica 



Beds. 


Bedl. 


X 


X 




X 


X 




X 


(very abundant). 


X 


X 


X 


X 


(fragments) 


X 


X 






X 


X 


X 


X 


X 


X 


X 


X 
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In the talus was found a fish-bone, fragments of Mactra, 
Trophon antiquus, and Purpura lapillus. 

Continuing northward a pit near Wroxham Park, situated to 
the east of the Hall near the farm-buildings, showed the following 
section : — 

Feet. 
('4. Sand and pebbly gravel - ■ ' 1 8 to 10 

TTcDer Craa -\ ^' S'^^l^-^sd (impersistent), sand and gravel/ 
PP ° 'I 2. Laminated clay and sand- - - 1 

Ll. Sand and shell-bed - - - I5 

Chalk witli flints. 

In bed No. 3 Tellina halthica is found abundantly, and it is 
also said to occur in No. 1. Prof. Prestwich considers that the 
clay. No. 2, represents probably the Chillesford Clay, but it seems 
unsafe to hazard the identification of so thin a seam. 

East of Wroxham the surface of the Chalk sinks beneath the 
marsh level, and as it sinks the lower part of the Crag also 
disappears, and there is an indication of the tendency of the clay beds 
to thicken towards the east — as we find in so many other places. 

The brickyard east of Wroxham Station displays a thick mass of 
laminated clay and sand, which is used for the manufacture of red 
bricks. The section at the northern end of the pit showed the 
following beds : — 

Feet. 
Warp - - - - - -4 to 5 

"False-bedded sand with seams of gravel, and 
irregular seams and streaks of laminated 
clay, fragments o? carbonaceous matter, 
ironstone nodules - - - - 8 to 9 

Upper Crag -^ Very micaceous, greenish-grey, laminated 
clay and sand, having a wavy appearance ; 
in one place let down probably by dissolu- 
tion of Chalk beneath - - 18 
Ked sand and gravel. 

At the southern end of the pit the beds were overlain by 3 or 4 
feet of brown Clay and Gravel, representing probably the Con- 
torted Drift. Mr. Woodward was unable to trace the laminated 
clay further east, and it tapers away westwards through Belaugh 
parish. This section will be again referred to in the next Chapter. 

In the lower part of the valley of the Bure the upper portion 
of the Crag Series is exposed over a wide area ; but as the pebbly 
gravels are unfossiliferous, and probably newer than the mass of 
clay at Wroxham, they need not be described here. We will now 
mention the more important exposures in the higher part of the 
valley, between Wroxham and Aylsham. 

The first of these is at Belaugh, where shells are met with in 
an excavation by the side of the hill, near the Farm buildings, 
about a quarter of a mile north-west of the church. The following 
is the section, the lower part of which was opened up in 1877 : — 

Feet 

'Pebbly sand - - - - 10 or 12 

Brown pebbly sand with shells - - 3 to 4 

Sand - - - - ■ 4i to 5 

Upper Crag -•{ Laminated clay and sand • - • i 

I Stiff brown and blue clay - - - 1 

I Sands and clays - - - - 34 
l_Large flints (P stone bed). 
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The Chalk itself in this neighbourhood has been eroded so as 
hardly to present any actual exposure in the low line of hills 
bordering the river. This pit has yielded a considerable number 
of species of inollusca, all of which, except the thin-shelled 
Thracia papyracea occur also in the Weybourn Crag of the coast. 

One of the best sections- of the Crag in the Bure Valley is that 
seen a little to the south-east of Coltishall Kail way Station. 

Fi&. 31. 

Section at Coltishall. 

(H. B. Woodward.) 






Fbet. 
4. False-bedded pebble gravel and sand - - 9 to 12 

2. Laminated clay with bed of sand (3j - - - 6 to 6i 

1. False-bedded sand, gravel, and shell-beds (s) with 

seams of clay and clay-pebbles - - 5 

A. Ohalk, with flints and paramondras, about 12 feet 

exposed. 

A bed made up of specimens of Mytilus edulis occurs from 1 
to 2 feet above the Chalk ; a similar bed occurs at Wroxham. 
At one time the shell-bed abruptly terminated in a mass of buff 
unfossiliferous sand. One conspicuous feature was a tongue of 
sand, which divided up the laminated clay in the part of the pit 
worked, and whose lower junction with the clay would, if isolated, 
have been taken for an unconformity between the " Chillesford 
Clay " and overlying sand. The gravel above also rested in one 
place on an eroded surface of the clay beneatli ; an erosion which 
may have been caused by springs in recent times. The clay itself 
becomes more and more interbedded with sand, until in one place 
it passes into a merely subordinate feature. In this pit Tellina 
balthica is not found, but another section near the Anchor Inn 
yields that shell in abundance, though the relation of the shelly 
Crag to the clay cannot there be made out. 

On the opposite side of the river, in the parish of Horstead, 
the Crag has been largely opened up, on account of the numerous 
excavations for Chalk. The last working was closed in 1877, 
the ground being sloped and planted with fir trees, but the 
discovery of a skeleton of Mastodon in 1820 must always render 
the locality of interest. Mr. H. B. Woodward has given a full 
account of the discovery,* and inclines to the opinion that a 

* Geology of the Country around Norwich {Memoirs of the Geological Survey), 
pp. 57, 58. 

E 60798. T 
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large portion of the skeleton, at any rate, was found. It seems 
however, rather singular that only one tooth should have been 
preserved. This is the most northerly point lo which the 
Mastodon has been traced, for it is entirely absent from the 
Cromer Forest-bed. 

At Burgh-next-Aylsham we meet with the last section of the 
Norwich Crag, as distinct from the newer Weybourn Crag, and 
here also the so-called Chillesford Clay occurs in considerable 
thickness. 

Fig. 32. 
Section at Burgh Kiln, near Aylsham. 
(H. B. Woodward.) 




Sand and Gravel 



6 feet. 



Laminated Clay with gravelly \g ^^ ^ ^^^^_ 
and sandy seams. J 



Gravel and sand, with clay 

pebbles 
Stone bed 



Chalk, with flints 



lift. 



to 18in. 



C to 8 feet. 



^/ 



H. a .w. 



The following list includes all the species recorded from this 
locality: — 



Littorina littorea. 
Scalaria grcBnlandica. 
Troplion antiqtius, var. striata. 

,, ,, var. contraria. 

Turritella terebra. 
Astarte borealis. 

,, oompressa. 
Cardiiim edule. 
Cyprina islandica. 



Corbula gibba. 
Cyclas cornea. 
CorbioTila fluminalis. 
Leda oblongoides. 
Luoina borealis. 
Mactra ovalis. 
Mya arenaria. 
Tellina lata. 

obliqua. 



There is nothing in the list to distinguish the deposit from the 
Weybourn Crag, except the absence of Tellina balthica ; but this, 
and the occurrence of the thick mass of clay, seem to support 
the contention of S. V. Wood, junr., that the deposit belongs to 
the older series. 
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CHAPTER VIII. 

CHILLESFOUD CLAY AND WEYBOURN CRAG. 

In the last Chapter the Pliocene strata were followed north- 
ward, until Red Crag gave place to Norwich Crag, and that in 
turn was overlapped by Weybourn Crag. • We will now return to 
the southern portion of the district and notice the sections of the 
overlying Ohillesford Clay — many of them already incidentally 
alluded to in previous Chapters. The Chillesford Clay is here 
treated of apart from the underlying beds, because it points to 
the commencement o£ somewhat different conditions. The de- 
position of shelly Crag gave place to that of strata consisting 
largely of laminated micaceous clay, sometimes with lignite and 
sometimes with bones of stranded cetaceans, but seldom containing 
mollusca. These laminated clays seem to indicate more estuarine 
conditions and shoaler water, for it is under such circumstances 
that thin alternations of sand and clay are laid down, and the 
skeletons of whales also point to muddy shoals, among which the 
animals became entangled and stranded. 

The Weybourn Crag is treated of in the present Chapter, for 
recent observations seem to indicate that this deposit may be 
merely a sandy modification of the Chillesford Clay, coming on as 
the strata are traced beyond the limits of the sheltered estuary to 
an area where marine moUusca could flourish. It must have 
been laid down in shallow water, for though lying at a lower level 
than the Crag at Norwich it indicates quite as littoral conditions. 
The southernmost outlier is found at Walton Naze, where the 
carbonaceous clay overlying the Red Crag has been identified 
with the Chillesford Clay by Prof. Prestwich and by S. V. Wood, 
jun. Mr. Whitaker, whose section has already been quoted in 
Chapter VI. (p. 8H), follows their determination, though with 
some doubt ; but after a re-examination of the cliff I cannot help 
feeling uncertain whether the clays and gravels do not represent 
rather the Cromer Forest-bed. A section about 12 chains south 
of Walton Tower showed in 1886 : — 

Feet. 

9. Soil 14 

Gravel of unworn flint, with abundance of] 

flint, quartz, and quartzite pebbles — no 

Boulder Clay stones observed 

Bedded loam, with scattered angular flints and! if o 

Chillesford pebbles - - - ./ i m J 

Clay P (or -i. 6. Gravelly sand 



Forest-bod). 



5. Stiffer loam (base blue clay) - - - 11 



Black carbonaceous loam with decayed" wood "1 
and obscure vegetable impressions - - J 

3. Gravel of unworn and worn flints, quartz, and "1 
quartzite (as No. 8) - - - - J 

2. Ked sand (decalcified Crag) 

1. London 01 av. 



1 
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All the strata above the red sand seem to belong distinctly to 
the same series, and gravel of similnr composition occurs through- 
out. The absence of Boulder Clay stones, and the abundance of 
the peculiar quartzites so common in the Forest-bed, make the 
gravels very like those of the Forest-bed series at Bacton and 
Weyboum. These pale-coloured close-grained quartzites are 
found throughout the Newer Pliocene beds, but are particularly 
abundant in the estuarine gravels of the Forest-bed. In the 
Glacial Deposits they are replaced by liver-coloured or red 
quartzites of a different character. The clays are apparently of 
fresh-water or flood origin, but I could not obtain a sample suffi- 
ciently well preserved for microscopic examination. The wood 
also was much decayed. Within a short distance of the section 
just noted the clay overlaps upon the Eocene beds. 

The first undoubted exposures of Chillesford Clay occur about 
18 miles north-north-east of Walton, in the district around Chil- 
lesford and Butley, where the clay forms a wide sheet, resting on 
the Chillesford Crag or on the upper Red Crag. At Chillesford 
the deposit consists of a fine-grained micaceous loam, too pervious 
to preserve fossils well, and often thoroughly decalcified. It has 
only yielded cetacean bones and a few casts of Mollusca. For some 
reason that I am unable to explain fossils decay more readily in a 
sandy loam than in a sand. Thus beds of loam in the Crag often 
only contain obscure oasts, though the associated sands above and 
below may yield well-preserved shells. Bones (phosphate of lime) 
do not disappear so readily as shells (carbonate of lime). 

The clay is well exposed in the pit at Chillesford brickyard, 
where it reaches' a thickness of about 17 feet, the upper part 
being cut off by Boulder Clay. The base and the gradual passage 
downward into the underlying Chillesford Crag can, however, 
be more readily examined in the pit near the Church, where 
Prof. Prestwich describes the deposit as " grey clay with a few 
shells and fish-vertebrae, passing down into light-coloured clayey 
sand, with patches of perfect but friable shells."* In the brick- 
yard only impressions of shells occur, though cetacean bones are 
not uncommon, and the skeleton of a whale 31 feet long was 
found some years since.f It is unfortunate that the specimen was 
left exposed to the weather and has now entirely decayed. I 
was unable to find any trace of the shells in 1886, but Prof. 
Prestwich records Area [?], Cardium groenlandicum, Cyprina 
islandica, Leda myalis, Nucula tenuis, Tcllina lata. 

As this is the typical section of the Chillesford Clay, a sample 
was washed and examined, to trace if possible the origin of the 
material. Microscopically it consist of fine clay with a small 
quantity of silt-sand, plates of mica often -^ inch in diameter, 
and a good deal of limonite. Not a single large grain of sand, 
and no microscopic fossils were seen in the sample examined. 
The sand consists almost entirely of quartz, in small little-worn 
grains half of which are milky and half clear. One or two 

* Quart. Journ. Geol. Soc, vol. xxvii., p. 336. (1871.) 
t Hep. Brit. Assoc, 1868, Trans. Sect., p. 61. 
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microscopic splinters of flint were observed, and a few dark-green 
opaque rounded or nodular grains, probably glauconitic. 

From Chillesford the clay stretches northward in an almost 
continuous sheet as far as the Aide, but it is unnecessary 
here to follow the outcrop, which has already been minutely 
described by Prof. Prestwich* and the Rev. 0. Fisher.t The 
section at Iken Brickfield is, however, of special interest, for the 
pit — which lies nearly a mile and three-quarters east-south-enst of 
Iken Church — shows a distinct overlap of the Chillesford Clay, 
so that it rests directly on the Coralline Crag. The section 
published by Prof Prestwich in 1849 was : — 

Feet. 
Flint gravel - - - - - - - 1 to 3 

Laminated grey clays and sands with indistinct impressions T i « 

of shells - / ^" 

Yellow sands ....... 4 

Coralline Crag . - - - . . - -|-30 

In 1886 the actual junction of the beds was no longer visible, 
but there is certainly not room for more than about two feet of 
strata between the Clay and the Coralline Crag, which is still 
visible in the middle of the pit. The base of the clay contains 
large unworn and unbroken flints. Bones have also been found, 
though not lately — unfortunately none of them appear to have 
been preserved. 

Crossing the Aide the Clay reappears around Aldborough, and 
on Aldringham Common, but the pits are of little interest, and 
the deposit seems to a large extent to be cut out by later gravels. 
North of Southwold, however, the Clay comes on in considerable 
thickness and can be traced continuously at the foot of the cliff, 
wherever sections are visible. We will therefore now follow the 
coast-line northward, only referring to inland sections where they 
are necessary to fill up breaks in the continuity of the clifls. Of 
the cliffs we have carefully measured sections, made during the 
course of the Survey, by Messrs. Whitaker (Easton to Covehithe)f 
and Blake (Kessingland and Pakefield).§ 

In the Easton Bavent cliffs the Chillesford Clay commences as 
a thin deposit only 5 or 6 feet thick, but rapidly increases in 
importance towards the north, till it reaches nearly 20 feet. It 
consists of laminated loam and clay, often very sandy, and only 
yielding fossils at the northern end. Here Prof. Prestwidi found 
the following species : — 

Buccinum undatum. Leda myalis. 

Littorina littorea. • Lucina borealis. 

Natica cirriformis. Mactra ovalis. 

Purpura lapillus. subtrancata. 

Turritella communis. Mytilus edulis. 

Nucula Oobboldiae. 

Astarte compressa. Tellina lata. 

Cardium edale. obliqua. 

Corbnla. 

Cyprina islandica. One leaf-impression. 

* Quart. Joum. Geot. Soc, vol. t., p. 345 (1849) j and vol. xxvii., p. 338. 
t Ibid., vol. xxii., p. 19. (ISee.) 

t Geology of Southwold and of the Suffolk coast from Dunwich to Covehiihe ; 
plate. (1887.) 

§ Horizontal Sections, Sheet 128. 
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There is nothing in the list to fix the age of the deposit, though 
Tellina halthica is missing. At this spot the underlying Crag 
disappears beneath the sea-level for some miles, and we can no 
longer ascertain the total thickness of the Chillesford Clay, except 
by boring. 

The coast-line is now occupied by Alluvium and by Easton 
Broad for about a mile, but this gap is largely bridged over by 
outcrops along the borders of Easton valley. Good sections are 
visible at the Frostenden and South Cove brickyards, though in 
neither pit is the base of the Clay reached. 

In Covehithe Cliff the Ohillesford Clay has been exposed 
continuously for about a mile. It is described by Mr. Whitaker 
as " loams with occasional sands," and in one place he notes* some 
curious contortions which seem to be cut off by bedded sands 
also belonging to the Chillesford Series. 

There is now another gap of about two and a half miles, only 
partially bridged over by inland outcrops. At the northern end 
of Covehithe Cliff the Clay can be followed continuously round the 
edge of the small valley to within half a mile of Benacre Church. 
Another doubtful patch has been mapped north of Benacre, and 
loamy clay has been dug to a depth of 10 feet north-east of 
Henstead Hall Farm. On the north side of the valley Mr. Blake 
has found a small outcrop on the border of the marsh south-west 
of Kessingland Church. 

We now enter the district in which the fresh-water and 
estuarine beds known as the Cromer Forest-bed undoubtedly 
appear; but before continuing the description of the Chillesford 
Clay in the Kessingland and Pakefield cliffs, it will be advisable 
to allude to the divergence of opinion which exists as to the 
relation of these deposits to each other. Mr. Blake considers 
that the Chillesford Clay alternates with the Forest-bed series, 
and he identifies with the Norwich Crag some gravel vdth 
mammalian remains, underlying laminated clays.f After a careful 
examination of the coast, and after putting down borings in 
various places, I am unable to accept this view, for the Forest- 
bed seems always to rest on an irregular channelled surface of 
Chillesford Clay or Crag, as it does near Cromer. Part of. the 
clay identified by Mr. Blake with the Chillesford Clay appears to 
be fluviatile or estuarine clay of the Forest-bed, and the under- 
lying mammaliferous gravel is merely the base of the deposit. 
The mammalia are characteristic Forest-bed species, not Norwich 
Crag forms. This subject will be returned to in the next 
Chapter. 

At the point where the cliff recommences, at Beach End, 
Kessingland, the Chillesford beds reappear with the same 
character as at Covehithe, consisting of laminated micaceous 
grey clay and buff sand, resting on orange loamy sands with a 
few stones. The sands were so full of water that the borings 
could not be carried below the level of mean tide, but I think 

* Geology of Southwold, &c., plate, section C. 

f Horizontal Section, Sheet 128 (Geological Survey); and Explanation, 8yo. ; 
Preeidential Address, Proc, Norwich Geol, Soc, vol. i., ]ip. 137-160. 
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there is no doubt that these strata belong, as Mr. Blake considers, 
to the Ohillesford series. The section a few yards north of the 
flagstaff was : — 

Feet. 
Greenish-grey unstratifled clay (Eootlet-bed) - - 4 

(Strata hidden by Blown Sand) . - - . 3 

Buff, orange, and white micaceous sand, the lower part full! ^ni 
of water ...... (bored) J '■'^^ 

Here all the beds beneath the Rootlet-bed may represent the 
Ohillesford Clay, at this point exceptionally sandy. Or the 
underlying Crag may also be shown, though no shells were met 
with. 

From the old Coastguard Station, as far northward as the 
parish boundary, there seems to be an ancient channel, occupied 
by the carbonaceous and gravelly beds of the Forest-bed series, 
which none of the borings appear to have pierced. At sixty yards 
north of the boundary, in Pakefield parish, red shelly Crag was 
met with at about the level of low water. Then there is another 
channel, north of which the Ohillesford Olay rises rapidly, so that 
at^ sixty yards south of the Lighthouse Gap we find fine sand 
without stones, and thin clays, extending to the level of low- 
water. One hundred yards north of the Gap a deeper boring, 
commenced at about high-water mark, showed : — 

Feet. 
Laminated light-blue and ferruginous micaceous clay and "I -.qi 
sand - - - . . . - ./ ■'■•'I 

Brown loamy sand, with thin seams of light-blue clay - 3 

Sand, full of water ...... li 

18 



The whole of these clays and sands probably represent the 
Ohillesford Olay, unless the lowest foot and a half belongs to the 
Crag. There may be a perfect passage from one to the other. 
From this point the strata can be traced without material change 
for half a mile, till they are permanently hidden by the sea- 
defences and sand-dunes opposite Pakefield. 

When Pliocene strata reappear in the cliff at Gorton, north of 
Lowestoft, the lowest deposit visible seems to belong to the 
Forest-bed, and the beds are so gravelly and full of water that 
none of the trial-borings could be carried below the level of low- 
water. Then there is another long stretch of coast of over 20 
miles, throughout which Pliocene deposits never rise above the 
sea-level. 

This break in the visible continuity of the Ohillesford Clay is 
unfortunate, for it makes it impossible to feel certain as to the 
age of the similar strata which underlie the Forest-bed where 
it reappears near Happisburgh. The inland sections to a certain 
extent help to bridge over the gap, but the intervals still left are 
too wide to be ignored, especially in deposits of so variable a 
character. 
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Turning westward, up the valley of the Waveney, we find 
undoubted sections of Chillesford Clay at Aldeby, and what _ is 
probably a sandy modification of the same deposit on the opposite 
side of the river, close to Beccles. The Aldeby sections have 
already been described (pp. 108, 109). Those on the south side of 
the valley are interesting inasmuch as they show an alternation of 
laminated loams, sands, and seams of pebbles, as though the 
Chillesford Clay passes not only downward into the Crag, but 
upward by alternation into the Pebble Gravel — as is perhaps 
the case in other areas also. 

The most characteristic of the sections near Beccles — and the 
only one that really justifies the mapping of the deposit as 
Chillesford Clay— is at Ingate Clay Pit, half a mile east of the 
town, where we find the following section : — 

Feet. 
Soil (sandy) - - - - 2 

Pebbly sand ..-----3 
Loamy Chillesford Olay, upper part brown, lower blue and~| 
stiffer ; a good many thin ferruginous seams occur, which I ^^ 
have to be separated before it is used for bricks ; there is f" 
also too much sand, which also lowers its value - - J 

Hard pan and sand. 

For half a mile further east the outcrop of this clay has been 
traced on the Map ; but to the west of Beccles the deposits are 
nmch more sandy, and though probably of the same age, cannot 
be mapped as clays. 

About seven miles north of Aldeby micaceous clays of the 
ordinary character reappear at Reedham and Limpenhoe, and Mr. 
Blake has been able to follow the outcrop for some distance at 
each place. One of the sections at Reedham, three-eighths of a 
mile east of the station, is described as showing a thickness of 
11 feet of these laminated clays and sands, the pebble gravel 
resting on a distinctly eroded surface of the clay.* 

Four miles west-north-west of Limpenhoe we find the sections 
at Surlingham, already described (p. 126). These lead us to the 
Norwich district, over which the clay is too thin and impersistent 
to be separated from the underlying shelly Crag. 

In the Bure Valley the deposit reappears at Wroxham (p. 128), 
where it reaches a thickness of 1 8 feet, and at South Walsham. 
Masses of ."imilar clay are seen at several other points, but these 
are the only ones that can be mapped. At both Wroxham and 
South Walsham the clay appears to be thickening, and at the 
same time sinking beneath the marsh level. Thus it happens that 
between the Bure Valley and the coast — a distance of nine miles — 
only exposures of the overlying Pebbly Gravels are visible ; 
though shelly Crag, of the age of the Weybourn Crag or perhaps 
newer, was met with in the railway-cutting south-east of Black 



* Geology of the Country around Norwich {Memoirs of the Geological Survey), 
pp. 78, 79. 
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Mill, near Honing. The shells collected at Honing by Mr. H, B. 
Woodward were : — 

Littorina littorea. Mya arenaria. 

Tnrritella sp. Nucula Oobboldiss. 

Astarte borealis. Tellina balthioa. 

Cardium edule. sp. 

Corbula gibba. Balanus sp. 

Cyprina islandioa. Foraminifera. 

On the Norfolk coast, attempts were made to reach the beds 
underlying the Glacial Deposits near Eccles, but without success. 
About seventy yards south of the old tower of Eccles Olmrch, a 
trial-boring made on the foreshore at half-tide level reached a 
depth of 12 feet, without penetrating the Till, and was then 
stopped by the rising tide. Another boring exactly opposite 
Happisburgh Church was more successful, for commencing below 
high-water level it reached a depth of 22 feet. The section 
was : — 

Feet. 
Till. 

{Sandy clay and sand (seen at the foot of the \ ni 
cliff) ... . ./ ■^^ 

Sandy clay and sandy gravel . . .4 

Chillesford [Clay and sandy clay, without stones, very"! ,„j^ 
Clay or < micaceous - . . . / ^ 

Weybourn Crag L Micaceous blue sand .... J 

No fossils were observed, but numerous grains of glauconite (°?) 
and small particles of carbonaceous matter occurred in the lowest 
beds. 

The eighteen feet of micaceous clays here found beneath the 
Forest-bed are so exactly like the Chillesford Clay of other 
localities, and hold so similar a position, that it is difficult to avoid 
referring them to the same horizon. But if we do so we must 
also consider the Chillesford Clay to be the equivalent of the 
Weybourn Crag ; for as we shall show, there is little doubt of the 
continuity of the clays of Happisburgh with the shelly Crag to 
the north-west, the beds becoming more sandy and fossiliferous 
when traced in that direction. 

At Mundesley the same clays were reached, for a boring on 
the foreshore about 200 yards southeast of the stream showed : — 

Feet. 
Forest.bed. Grravel pan. 

ChiUeBford 1 gtiff or sandy dark blue micaceous clays, 1 „„ 
Uayor > without fossils or lignite - - ./ '''^ 

Weybourn Orag. J ^ -' 

This trial-boring was commenced at half-tide level, the hard 
ferruginous gravel of the base of the Forest-bed being used as a 
convenient firm platfonu to work on. Immediately below this 
the character of the deposits suddenly changed, from coarse 
gravelly sands and carbonaceous clays, to fine-grained micaceous 
beds entirely without stones. The rods unfortunately parted at 
22 feet, owing to the constant closing up of the hole through the 
softness of the clays, but the last sample brought up showed a 
single small fragment of shell, perhaps indicating the commence- 
ment of the shelly beds met with at Trimingham. 
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At Trimingham, on the shore due north of the village, one of 
the most important sections showing the relation of the OhUles- 
ford Clay to the Wejbourn Crag was seen. The Wey bourn 
Orag would here normally be almost entirely below the level of 
low-water, but some years since the weight of a large landslip 
from the cliffs forced the beds into an arch, and enabled me for a 
short time to examine the lower part of the section. Owing to 
the disturbance there is a little doubt as to the exact thickness of 
the lower beds : — 

■ Feet. 
Forest-bed. Carbonaceous clays witb lignite, &c. 

f Laminated green and blue micaceous and"! , 
I rather carbonaceous clay - - - / ' 

"Weybouru Crag -i Green loamy sand full of marine shells and \ o 
1 containing teeth, of Arvicola intermedius - J 
[ Laminated greenish clay as above - - 4 

Here there is a mass of laminated micaceous clay, in the middle 
of which is found a shelly sand full of the common Weybourn 
Crag shells. The species found were : — 



Buccinum undatum . 


Cyprina islandica. 


Littorina littorea. 


Leda oblongoides. 


Natioa catena. 


Lucina borealis. 


Pleurotoma turricula. 


Mactra ovalis. 


Purpura lapillus. 


Mya arenaria. 


Trophon antiquus, reversed var. 


— — trnnoata. 


Tnrritella terebra. 


Mytilns edulis. 


Astarte borealis. 


Nucula Cobboldiic 




Pholas crispata. 




sulcata. 


Saxicava arctica. 


Oardium edule. 


Tellina balthica. 


Corbula contracta ? 


lata. 


gibba. 


obliqua. 



Fig. 33. 

Tellina balthica, Linn. 

Natural size. 



The Orag is exceptionally fossiliferous, but owing to its in- 
convenient position can seldom be examined. During the last ten 
years I have only once (in October 1889) 
been again able to examine it, though 
the stronger shells are still washed up 
after storms. Tellina balthica (Fig. 33) 
is perhaps the most abundant fossil. 

The Trimingham section just des- 
cribed is only three miles from the 
boring at Mundesley, but, owing to the 
accumulation of beach, I have not yet 
been able to examine the strata beneath 
the Forest-bed in the intervening area. 
It is here, if anywhere, that the relation 

of the Weybourn Crag to the Chillesford Clay must be made 
out, for the deposit at Trimingham is undoubtedly Weybourn 
Crag, and that at Mundesley seems decidedly to be ChiUesford 
Clay. According to Prof. Prestwich, who correlates the Wey- 
bourn Crag with the Norwich Orag, we ought to find the 
Weyboiurn Orag to pass beneath the Chillesford Clay ; according 
to S. V. Wood, jun., we ought to find it above that Clay, and 
alternating with the Glacial deposits. The most probable view 
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seein8 to be that the two deposits are synchronous, and that the 
Chillesford Olay passes laterally into the Weybourn Crag, or at 
any rate that the Weybourn Orag is equivalent to the upper part 
of the Chillesford Olay. 

Between Trimingham and Cromer, when the foreshore below 
half-tide is laid bare, there may often be seen greenish laminated 
clay and clay ironstone, with thin seams of sand and lines of 
marine shells, principally in the state of ironstone-casts. The 
clay is often carbonaceous, and contains a little lignite; mam- 
malian bones also occur now and then. The base of the deposit 
has not been reached, for the Chalk seen at Trimingham is 
brought above the sea-level by a glacial disturbance, and no trace 
of the Orag is seen resting on it. It is probable, however, 
that in this area the Chalk does not lie many feet below the 
sea-level. 

The furthest point to the east to which the undisturbed Chalk 
has been traced is about half a mile east of Cromer Jetty, where 
at extremely low tides it is occasionally visible. Owing to the 
accumulation of beach the immediately overlying beds have not 
yet been examined, but higher up on the foreshore there are 
laminated clays and ironstone with casts of the ordinary Wey- 
bourn Crag shells. These rise to the level of mean tide — giving 
a total thickness of about 10 feet to the Orag. 

The Weybourn Crag has been traced continuously from 
Cromer to Weybourn, except for short distances, where it is cut 
out by channels of the estuarine Forest-bed, or has been ploughed 
out by glacial action, so that Boulder Olay rests immediately upon 
the Chalk. All the sections are so fully described in the Memoir 
relating to this neighbourhood,* that it wiU only be necessary 
here to allude to those of especial interest, and to trace the 
general change in the character of the deposit as the Crag rises 
towards the west. 

Between Cromer and West Kunton there is a decided tendency 
for the Crag to become more sandy, and also more full of shells. 
In this distance, about two and a half miles, the Chalk rises from 
extreme low-water to about five feet above that level. The 
immediately overlying " stone-bed," or bed of large little worn 
flints that is always found beneath the marine Crag and upon the 
Chalk, is so firm and cemented with iron that not only does it 
show as a continuous ledge on the foreshore, but it protects the 
underlying Chalk, so that the junction can nearly always be 
examined. The smoothness and evenness of the denuded surface 
of the Chalk is very marked ; for not only is there no piping, but 
even the slight hollows usually found are missing. This is 
probably owing to the absence of all percolation, and to the unusual 
softness of the Chalk, which in this district never forms submarine 
ledges at the present day. 

Between the unworn flints of the stone-bed occur numerous 
specimens of Mya arenaria, Tellina obliqua, and occasionally of 
T. balthica, in the position of life — proving that we are dealing 

* Geology o£ the Country around Cromer {Memoirs of the Geological Survey'), 
pp. 11-13. (1882.) 
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with a true marine deposit, and not with flints left by the sub- 
terranean dissolution of the surface of the Chalk through the 
agency of percolating water. The mode of origin of a stone- bed 
can be well studied in the shallow sea off Cromer, where such 
a deposit forms the fishing ground on which crabs and lobsters 
occur so abundantly. The soft Chalk is readily bored by Pholas, 
Saxicava, and various annelids, which cause it gradually to 
crumble away and to leave behind nothing but the flints, mixed 
with a certain proportion of stones from the beach. This pro- 
cess is not confined to the area between tide marks, but will 
go on at any depth at which the Chalk may happen to be 
exposed, and in places where there are no currents sufficient 
either to move the flints or to erode the Chalk. 

Immediately succeeding the stone-bed on this part, of the coast 
is found a mass of falsebedded gravelly aand, either grey or red, 
with seams of clay. This deposit is full of shells, which are 
particularly well-preserved in the unweathered bluish sands, but 
often much decayed in the oxydlzed portion. It was from a 
mass of iron-grey Crag, found on the shore a quarter of a 
mile south-east of East Runton Gap, that the largest number 
of Weybourn Crag shells were obtained during the Survey ; 
in fact this locality has yielded every known species belonging 
to the horizon (except the delicate Thrada papyracea), and a 
good many unknown elsewhere. The large number of species 
obtained was, however, largely due to the loose sandy nature 
of the deposit, which elsewhere is usually too much mixed with 
clay, or cemented with iron, to allow a sieve to be used. The 
fauna is a littoral one, and the shells are a good deal rolled. 
Mixed with them, as in the Norwich Crag, is found a consider- 
able number of land and fresh-water species, together with a 
few bones of land-mammals. 

The higher portion of the Weybourn Crag seems here generally 
to be cut out by the gravelly Forest-bed ; but where preserved 
it consists of alternations of clay and sand, with seams of 
mussels, and abundance of single valves of cockle, Tellina, and 
Donax. The commonest shells are the littoral sand-loving forms, 
those inhabiting muddy shores, such as Scrobicularia and Hydrobia, 
being scarce. The total thickness of the Crag on this part of 
the coast nowhere reaches fifteen feet. 

From West Eunton to Sherringham the strata retain the same 
character, and the Chalk gradually rises to the level of high- 
water. There seem never to be more than a few feet of Crag 
beneath the Forest-bed, and in some jdaces the Forest-bed rests 
immediately upon the Chalk. The principal interest of this part 
of the section is the occasional occurrence of PAoZas-borings iu 
the Chalk beneath the stone-bed. 

West of Sherringham the Chalk continues to rise, till it forms 
a low cliff 20 feet high at Weybourn. As it rises the surface 
becomes more irregular and piped, so that the overlying deposits 
are often a good deal disturbed, especially close to Weybourn. 
A section near Weybourn (Fig. 34) will explain better than any 
words the relation of the different strata to each other. 
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I am unable to accept Prof. Prestwich's division of the Crag 
at Weybourn into three distinct series — Westleton Beds, Chilles- 
ford Clay, and Norwich Crag — for if the thick clay bed be 
followed a short distance, it will be found to pass into sand, and 
another seam will appear on a slightly diflFerent horizon, or the 
whole deposit will be split up into thin alternations of sand and 
clay. Wherever masses of shelly Crag were divided by lami- 
nated clays, collections were made from each and the results were 
compared, but all the shell beds seem clearly to belong to the 
same horizon. The "grey clay with fragments of wood," west of 
Sherringham, also identified with the Chiilesford Clay by Prof. 
Prestwich, is on a different horizon ; it belongs to the Forest- 
bed series, and has yielded a considerable number of mammalian 
bones. 

At Weybourn the cliff comes to an end, and shingle beaches 
and salt marshes separate the higher grounds from the sea ; but 
where the top of the Chalk is visible. Glacial Deposits rest imme- 
diately upon it, except at Letheringsett, near Holt. From the 
position and lithological character of the strata at this spot there 
is little doubt that they represent the beach deposit of the 
Weybourn Crag sea. No fossils were found, but the absence of 
shells is a common character in shingle beaches. The largest 
pit, marked Kiln on the map, is half a mile north-west of 
Letheringsett ; it shows : — 



Feet. 

5 
Otol 



Soil. 

Contorted Drift | Moulder Clay, very chalky - 
L Streaky brick-earth and marl 

Weybourn Crag|?^^S*^' '^l^°«Vf"''^^^ ^'''^fl- . " " ? 

•' ='1. Loamy sand and large worn flmts - - 1 

Chalk, probably 20 feet above the level of the stream. 

Another part of the same pit shows 3 or 4 feet of alternating 
laminated clay and lines of pebbles. A pit by Book Hill, now 
disused and much obscured, shows similar though more sandy 
beds resting on the Chalk, which at that point is nearly 50 feet 
above high-water mark. 

Mr. Woodward has recognised similar representatives of the 
Pliocene beds at Guist, in the Valley of the Wensum, about nine 
miles to the south-south-west of Letheringsett (Fig. 35, p. 143). 
This section helps to connect the strata with the Crag of the 
Norwich district ; but whether the shingle belongs to the Wey- 
bourn Crag, or to an older division, there is nothing to show. 

We have now traced, as far as possible, the stratigraphical 
relations of the Weybourn Crag to the Chiilesford Clay, and to 
the Norwich Crag ; but it still remains to see what assistance in 
the comparison of the different deposits can be obtained from the 
included mollusca. In the Bure Valley we find Weybourn Crag 
distinctly overlying the Norwich Crag, with sometimes a seam oi 
clay, often identified with the Chiilesford Clay, between. But in 
other cases the Tellina halthica Crag rests immediately on the 
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Chalk ; or where the clay thickens it seems to have increased at the 
expense of the shelly Crag. The evidence is thus not perfectly 



Fig. 35. 

Section at the Lime-Kiln, Guist. 
(H. B. Woodward.) 




myibrh. 







e. Brown stony, and sandy clay. 

d. Chalky and sandy Boulder Clay, bedded at base, .5 to 6 feet. 

c. Grey and buff micaceous sand and shingle, and laminated clay, with nodules of 

" race," 5 to 10 feet. 
b. Stone-bed. 
u. Chalk with flints. 

satisfactory, for in this area the only grounds for the separation of 
the two horizons, is the supposed exclusive occurrence of Tellina 
balthica in the upper one. The list of moUusca from the upper 
bed in the Bure Valley is much too small to allow of any useful 
comparisons. 

Failing vertical superposition, for the older deposit appears to 
be entirely absent in the continuous exposures of Crag between 
Cromer and Weybourn, we are compelled to fall back on the 
palseontological evidence, and to rely almost entirely on Lyell's 
test of the per-centage of recent mollusca contained in the beds. 
A much larger number of species, fortunately, has been obtained 
from the sections on the coast than from the Bure Valley, and 
though, perhaps, the number may still be too small to allow us 
to speak of the relative age of the deposits as being settled beyond 
further question, yet the direction in which the figures point is 
unmistakeable. 

From the Weybourn Crag there have now been obtained 53 
species and marked varieties of marine mollusca. Of these, five 
are extinct, showing a per-centage of 10 • 6, compared with 15 • 5 
and 16 ■ from the Chillesford and Fluvio-marine Crags respec- 
tively. But as the total number of species known from the 
Weybourn Crag is still considerably smaller than that from the 
older beds, and forms dying out are likely to be represented by 
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comparatively few individuals, the discrepancy is probably in 
reality somewhat less. The proportion of Arctic to Mediterranean 
forms is : — 





Total. 


Arctic. 


Mediterranean. 


Weyboum Crag 
Ohillesford Crag - 
Fluvio-marine Crag 


53 

90 

112 


9 
7 
9 



2 
7 



Two Arctic species and two characteristic Arctic varieties 
appear for the first time in the Weybourn Crag, viz., Astarte cre- 
bricostata, Astarte elliptica, Astarte borealis, oval var., and Saxicava 
nrctica, gigantic var.— all four, however, being rare. Thus in 
the Weyboum Crag, in a list containing only half the number of 
species, we find as many Arctic forms as in the Norwich Crag, and 
more than have occurred in the Chillesford Crag. In the number 
of individuals also the Arctic species are decidedly more plentiful, 
and hitherto no species having an exclusively southern range has 
been found in the newer deposit.* 

There still remains one shell to which especial attention must 
be drawn ; for Tellina balthicn (Fig. 3.3, p. 138) appears for the 
first time in the Weybourn Crag, and seems to have taken pos- 
session of these seas immediately after its arrival. Thus it is 
usually by far the most plentiful shell on this horizon, and in 
many places it outnumbers all the other species put together. 
To anyone not intimately acquainted with East Anglian geology 
the stress laid by Messrs. Wood and Harmerf on the sudden 
appearance of this mollusc may appear to be absurdly exaggerated. 
But though I caimot follow them in regarding its incoming as 
marking a break between the Crag and the Lower Glacial 
dei)0sits — for the species is not an Arctic one, and the associated 
fauna is characteristically that of the Crag — yet the arrival of a 
prolific species like this is important, and quite sufficient to out- 
weigh a large number of records of rare shells, the finding of 
which depends mainly on the amount of time spent io the search. 

Prof Prestwich has attempted to account for the abundance of 
Tellina balthica in the Crag of 'the north-east {.ortion of Norfolk, 
and its entire absence in the whole of the rest of the Norwich 
Crag, by pointing to the occasional absence of this species from 
bays on the present coast.J In the case of these newer Crags, 
however, there is no possibility of any separation of the two arens 
by a barrier, and it' the Weybourn Crag and Norwich Crag are 
contemporaneous, we must be dealing with two closely adjacent 



* I agree with Mr. Edgar Smith that Astarte incrassata of the " Cromer Memoir " 
is a -wrong determination. The shell is Astarte elliptica, of which species other 
specimens have since been ohtained. 

f See Introduction to the Crag MoUusca ; Palaeontographical Soc. ; and various 
papers. 

X Quart. Journ. Geol. Sot., vol. xxvii., pp. 471, 472. (1872.") 
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portions of the same shallow sea. One cannot understand how, 
under these circumstances, a prolific and accommodating species 
such as this could flourish for a series of years in one area, and 
yet not spread over an equally suitable district barely four miles 
away. The incoming of Tellina balthica, coupled with the 
marked increase of Arctic forms in the Weybourn Crag, is, I 
think, good evidence that we are dealing with a horizon slightly 
newer than the Norwich Crag. 

As the Weybourn Crag is the highest division of the Pliocene 
series in which is found a marine molluscan fauna of any extent, 
this will be a convenient point at which to compare the different 
horizons, and to show what climatic and other changes are in- 
dicated by their respective faunas. The land and freshwater 
species will be more conveniently treated of in the next chapter, 
when we come to deal with the prolific assemblage occurring in 
the Cromer Forest-bed. A great discrepancy between the tem- 
perature of the sea and of the air is indicated by the fossils, and 
we cannot well deal with the comparatively few land animals of 
the Norwich Crag before the whole of the evidence has been 
brought forward. 

Marine Mollusca of the Pliocene Beds* 



"Weybourn Crag - 
Chillesford Orag - 
Fluvio-mari] le Orag 
Eed Orag of Boyton, &c. 
Red Orag of Walton 
Coralline Orag - 



Total. Arctic. Mediterranean. Extinct. 



53 
90 
112 
199 
148 
420 



13 
2 
1(?) 





2 

7 

23 

22 

75 



5 
14 
18 
55 
50 
169 



Cast in a tabular form, the figures show at a glance the gradual 
refrigeration of the climate all through the Newer Pliocene period. 
This refrigeration may be taken as the dominant characteristic of 
the period, for there is a steady decrease of southern and extinct 
forms, and a gradual replacement by northern species, till the 
marine Mollusca seem to indicate conditions almost Arctic in their 
severity. On the other hand there is so great a resemblance of 
the faunas throughout, so gradual a change, and so many charac- 
teristic species range upwards into the Weybourn Crag, that we 
cannot without violence separate this zone from the other Pliocene 
deposits. 

* The numbers given are only approximate. Differences of determination will 
probably affect each zone equally, and will not alter the comparative results. 



E 60798. 



K 



146 



CHAPTER IX. 

CROMER FOREST-BED. 

Foe many years the deposit now generally known as the 
" Cromer Forest-bed " has been celebrated, and a mere list of 
the papers referring to it would' occupy several pages.* It will 
be best therefore simply to give an outline of the literature of 
the subject, noting all important papers, and mentioning the 
earliest discovery of any new fact. 

Though the teeth of elephants found near Cromer were known 
from un earlier period, the first published notice of the Forest- 
bed was in 1746 by W. Arderon, in which he speaks of "the 
roots and trunks of trees which are to be seen at low water in 
several places on this coast near Hasborough and Walket 
[Walcot]," and also of the occurrence of fo.ssil bones.f 

It is, however, to Richard Cowling Taylor that we owe the 
first description of the beds. In a communication dated Aug. 
14, 1822,J he states that "from Happisburgh, to the North of 
Cromer, may be traced, at intervals, along the base of the clay 
cliffs, a remarkable stratum containing an abundance of fossil 
wood and the bones of large herbivorous animals mineralized 
with iron. The thickness of this singular bed does not exceed 
two feet, and frequently not more than one. It varies in its 
material, from a red ferruginous sand to an ochreous coarse 
gravel cemented by iron." [Taylor appears only to have seen 
sections of the hard ferruginous conglomerate often called the 
" Elephant Bed."] " The stratified organic remains in the cliff 
of East Norfolk are buried beneath beds of blue clay, earth, and 
sand, from 80 to 100 feet in thickness." He also alludes to a 
letter by Sir Thomas Browne, written in 1659, on the head and 
bones of a very large fish at Hasbro,§ apparently as referring to 
the same deposit ; but this is probably a mistake. 

In another paper, in 1824, || Taylor, in a further description of 
the beds, mentions " stumps of trees rooted into the stratum," 
and considers the " Forest-bed " as " occupying the position 
usually assigned to the crag or upper marine formation ; " but he 
also correlates the shelly gravels in the Glacial Beds with the 

* For full list see Appendix. 

j- Extract of a letter containing Observations on the Precipices or Cliffs ou the 
N.E. Seacoast of the County of Norfolk. — Rhil. Trans., vol. xliv., pt. 1, No. 481, 
p. 275. 

X Fossil Bones on the Coast of East Norfolk. — Phil. Mag., vol. Ix., p. 132. 

§ See also Excursions in Norfolk, 1S18, vol. 1, p. 121. 

11 Remarks on the Position of the Upper Marine Formation exhibited in tho 
Cliffs on the North-east Const of Norfolk.— P/a7. Miuf., vol. Ixiii., p. 81, 1824. 
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Crag, and includes the Boulder Olay in the " upper marine 
formation." 

Samuel Woodward, in his" Outline of the Geology of Norfolk," 
published in 1833, appears to have been the first distinctly to 
separate the Forest-bed from the Drift, but in his table of 
Strata he places it beneath the Norwich Crag. 

Sir C. LyeU in 1840 gave a long description of the beds, but 
stated that he " was not so fortunate either here or elsewhere on 
this coast as to see the stools of trees erect in this stratum, but 
so many independent eye-witnesses haA'e lately described them 
to me with such minuteness as to leave in my mind no doubt of 
the fact."* 

The Eev. Charles Green, in his '* History, Antiquities, and 
Geology of Bacton," published in 1842, gave some valuable local 
notes ; but divided the Cromer Forest-bed into Eocene, Older 
Pliocene, and Newer Pliocene, and his statements are not always 
trustworthy. In 1845 Joshua Trimmer noticed the sand with 
Mya truncata over the Fresh- water Bed at West Eunton.t 
Sir E. Owen, in his "History of British Fossil Mammals and 
Birds," published in 1846, described and figured many Forest- 
bed specimens. 

Prof. Prestwich in 1861t cleared up a point which had led to 
great confusion in most previous papers, by pointing out that at 
Mundesley there are two totally distinct Fresb-water Beds, — 
one beneath, the other above, the Boulder Clay. This section 
had previously been taken as proving the interstratification of 
the Forest-bed and Drift. 

In the first edition of LyeU's " Antiquity of Man," published 
in 1863, a long description of the Forest-bed is given, and he 
says that " Thirty years ago when I first examined this bed. I 
saw many trees with their roots in the old soil laid open at the 
base of the cliflF near Happisburgh." But on comparing this 
with his paper of 1840 it is seen that the statement must be 
erroneous, for in the earlier account he distinctly says that he 
did not see them. (8ee observations in Mr. Norton's paper 
mentioned further on.) 

Mr. John Gunn in 1864, in his '•' Geology of Norfolk," divided 
the strata on the coast into Norwich Crag, Forest-bed, and Lami- 
nated Beds. Between 1865 and 1882- a series of papers was 
published by S. V. Wood, jun., whose classification of the deposits 
has already been referred to (p. 144). One of the best general 
diagrams of the coast between Happisburgh and Weybourn, was 
published by him in 1865, in a pamphlet privately printed. A 
valuable account of the beds was given in 1868 by the Eev. 0. 
Fisher.§ Prof. Prestwich in 1871 gave a description of the coast 

* On the Boulder formation, or drift and associated Fresh Water Deposits, 
composing the Mud Cliffs of Eastern Norfolk. — Phii. Mag., Ser.3, vol. xvi., p. 345. 

f Proc. Gepl. Soc, vol. ir., p. 435 ; Journ. Roy. Agric. Soc, vol. -vii., p. 444, 1847. 

j On some New Facts in Relation to the Section of the Cliff at Mundesley, 
Norfolk. — Geologist, vol. iv , p. 68. 

§ On the Denudations of Norfolk. — Geol. Mag., vol. v., p. 544. 

K 2 
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section, and suggested the name " Westleton Beds " for the higher 
portion of the Pre-glacial Series.* 

In the Supplement to the Crag Mollusca by S. V. Wood, pub- 
lished in 1872, there is an introductory Outline on the Geology 
by Messrs. S. V. Wood, jun., and F. W. Harmer. Sections are 
given to support their view that the " Bure Valley Beds " overlie 
the " Forest-bed,"— the Crag beneath it, mentioned by Lyell and 
other writers, not having been recognised by them. 

A paper by Mr, Henry Norton, only to be had as a reprint 
from the " Norwich Mercury" of November 5th, 1877, questioned, 
for the first time in print, the evidence on which the trees in the 
" Forest-bed " were stated to have been found rooted in the soil, 
and drew attention to the unsatisfactory nature of the evidence 
on which they were accepted as being in place. In the same 
year the present writer published a paper in which the Leda 
myalis Bed was separated from the Forest-bed, while reasons 
were brought forward to show that the latter was not a land 
surface ; and in 1880 another short paper gave the classification 
adopted in this Memoir.f In 1880 Mr. J. H. Blake read an 
address before the Norwich Geological Society, in which he 
maintained the importance of the " Rootlet Bed " as an horizon, 
and expressed his opinion that it was the only bed showing 
evidence of a true land surface. 

In 1882 were published the Memoirs and Sections of the 
Geological Survey relating to the principal portion of the Forest- 
bed area. These included the " Geology of the Country around 
Cromer," in which the Forest-bed is fully described by the writer 
of these pages, and a sheet of Sections of the Norfolk cliffs, f on 
too small a scale to allow the Pliocene beds to be subdivided. 
Mr. E. T. Newton's memoir on the " Vertebrata of the Forest-bed 
Series of Norfolk and Suff'olk " also appeared in the same year. 

A section of the " Suffolk Cliffs at Kessingland and Pakefield, 
and at Gorton "§ was published in 1884, and also an explanatory 
pamphlet referring to the same area. In these Mr. Blake showed 
the ' rootlet-bed ' alternating with laminated clays, which he 
referred to the Chillesford Clay, and overlying mammaliferous 
gravels considered to be equivalent to the Norwich Crag. 
During the present year (1890) a fuller Memoir appeared.! 

Since the appearance of the Memoirs, Mr. Newton and I have 
published a number of short papers announcing additions to the 
fauna and flora, or giving short descriptions of isolated sections ; 
the titles of these papers will be found in the Appendix. 

From the above outline it will be seen that our knowledge of 
the Forest-bed is of gradual growth, and even now such a 

* On the Structure of the Crag-Beds of Suffolk and Norfolk. Part III. The 
Norwich Crag and WeBtleton Beds. — Quart. Journ. Geol. Soc, vol. xxvii., p. 452. 

t Oeol. Mag., dec. II., vol. iv., p. 300, and vol. vii., p. 548. 

{ Horizontal Sections, Sheet 127. 

§ Ibid., Sheet 128. 

II Geology of the countiy near Yarmouth and Eowestoft. (^Memoirs of the 
Geological Survey.') 
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primary point as the relative order of it and tlie associated Crag 
beds is considered by some to be a debateable question. This 
difficulty is in great measure owing to the fact that during the 
summer time, when geologists generally examine the coast, the 
strata are almost entirely hidden by the beach, whereas it is only 
during the winter and equinoctial gales that clear exposures can 
usually be found. 

Where most complete, the so-called " Forest-bed " consists of 
three divisions, — an Upper and a Lower Freshwater Bed, and an 
intermediate Estuarine deposit. Tlie Lower Freshwater Bed 
is seldom preserved, though its flora is well-known from the 
quantity of Pholas-hored cakes of peat and clay-ironstone found 
in the Estuarine Beds, and derived from the breaking up of the 
underlying deposit. The relation of the Lower Freshwater Bed 
to the Estuarine Forest-bed seems to be somewhat similar to 
that of the recent "Submerged Forests" in estuaries to the 
deposits now forming in the same localities, in part from their 
destruction. 

The middle division, which is more particularly the " Forest- 
bed " of Norfolk geologists, least deserves the name ; for wherever 
it can be studied it is distictly estuarine, though from con- 
taining large quantities of drift wood, and especially stumps of 
trees, many have accepted it without hesitation as a land-surface. 
It is from this division that most of the large mammalian remains 
have been obtained. 

The upper surface of these Estuarine Beds is in many places 
weathered into a soil and penetrated by small roots (hence the 
name " Rootlet Bed "*), and here and there it is covered by, or 
eroded hollows in it are filled with, lacustrine deposits. These 
form the Upper Freshwater Bed, in whicli most of the small 
bones and freshwater shells are found. 

It will be seen that though a land-surface does occur in the 
Pre-glacial deposits, it does not correspond with the horizon to 
which the name " Forest-bed " lias been more especially applied. 
It is not improbable that there may also be another land-surface 
beneath the Lower Freshwater Bed, for in one place the Wey- 
boum Crag below the Forest-bed has a rather weathered appear- 
ance ; but of this one cannot be certain. As the question 
whether the tree-stumps are or are not rooted in the Forest-bed 
has been much discussed, it will be advisable to give a brief 
outline of the reasons which have led me to the conclusion that 
thejii' are not in their positions of growth. 

Though many of the published accounts of the Forest-bed 
appear at first sight circumstantial, it is singulai- that none of 
the earlier observers appear to have compared the so-called soil 
with recent soils. If this had bpen done it is certain that the 
error which has arisen would in most cases have been avoided ; 

* Attention was drawn to this bed in 1870 by Prof. Prestwich (Quart. Jonr. Geo/. 
Soc, vol. xxviii., p. 463) ; and subsequently by Mr. Gunn (If/id., vol. xxxii , p. 124), 
and Mr. Blake (Geo/. Mag., dec. IT., vol. iv., p. 298). 
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for where the tree-stumps are embedded in clay, the clay is well 
laminated, undisturbed, and unweathered — which would not be 
the case had it been exposed to the air and to the burrowing of 
worms, and had thick roots forced their way into it. A second 
point is that in every case (and upwards of a hundred of the 
stools have been pulled up and examined by me at different 
localities) the roots do not end in small fibres, but are broken 
off, generally fropa one to three feet from the stem, and the ends 
are either rounded or frayed out. Taking as one of the typical 
instances the locality at Overstraud visited by many geologists 
on an excursion of the British Association in 1868, when a stool 
was dug up and placed in the Norwich Museum,* the writer 
found the bed to consist of a ferruginous quairtzite-gravel mixed 
with some clay, and containing a large quantity of wood and 
many tree-stumps. None of the pieces of wood around or under 
the stumps were particularly rotten, as would be the case had 
they remained a short time in a soil on which vegetation was 
growing, and the bed was not weathered. Several stumps were 
dug oui, and it was found that all the roots ended abruptly. 
Unfortunately the roots have been cut off the specimen in the 
Norwich Museum, to allow it to be placed in a case ; the whole 
stump has, however, a battered look, unlike that of a tree-stump 
that had been merely silted up in its natural position. 

In a few instances, in cavities between the roots of stumps 
but little damaged, remains of a peaty loam, such as generally 
forms the soil in a fir forest, are seen, and yet the matrix in which 
these stools were imbedded was laminated clay. Some stools 
have the bark preserved in hollows, while it is worn off in exposed 
places. It is remarkable that a large proportion of lop-sided 
stumps (i.e. stumps with all the roots growing from one side) are 
found. This would be inexplicable were the general description 
correct of the way the trees grew on the level surface of the pre- 
glacial soil ; but when we consider them to have been drifted, it 
is just what might be expected, for the trees most liable to be 
washed away are those growing out of a steep river-bank. 

For a long while the statement that the roots had been found 
interlacing was puzzling, but a group near Trimingham showed 
that this observation might be accurate, and yet the trees be 
drifted. In Fig. 36 the stumps A and S have their roots inter- 
lacing, and have grown together so firmly that they cannot be 
parted without breaking. (7 is a third stump of fir entangled 
with the others, but nearly upside down ; it appears to have 
grown out of a steep bank. TJie extremities of the roots and 
stem were in each case worn or broken off, and the stools were 
imbedded in a mass of clay pebbles and lignite, covered by lami- 
nated clay, which had to be cleared away before the trees could 
be properly examined. It therefore appears that many of these 
stumps have probably been washed away by the wasting of the 

* See Norfolk News, Sept. 5, 18C8. 
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river bank, and settling, generally in an upright position, as we 
should expect from the greater density of the roots, and from the 

Fig. 36. 

Plan of a Group of Trees in the Forest-bed at Trimingham, 

Scale. 2 feet to an inch. 




weight of the adhering soil, they have formed "snags" in the 
river, such as are constantly met with in streams flowing 
through a forest-clad country. Some of the tree-stumps may, 
however, be derived, like the cakes of peat, from the breaking up 
of the Lower Freshwater Bed. 

Since the year 1882, when the Geological Survey Memoir on 
the Cromer Forest-bed was published, a good deal has been learnt 
about the Forest-bed, especially with regard to its relations to the 
underlying strata. The making of trial-borings in 1886 and 
1888, showed that the eroded surface beneath the deposit was 
one of the most marked features, and that there was always a 
more or less gravelly base to the Forest-bed, beneath which the 
Crag was cut into by numerous channels or hollows. The higher 
deposits were so gravelly and full of water that, with the light 
tools used, and without lining-pipes, boring was difficult, but the 
base was reached in a sufficient number of cases to show the 
change from estuarine gravels and clays to strata of marine 
origin. Several of the boiings were stopped by this gravelly 
base of the Forest-bed, and could not be carried into the Crag. 

Owing to contemporaneous erosion, or to the cutting of 
channels after the strata were consolidated, one or more of the 
three divisions of the Cromer Forest-bed are often missing. 
Where possible the exact horizon represented in the section will 
be indicated in the following notes, but among such variable 
deposits it is not always easy to identify the different portions, 
even where the exposures are nearly continuous. No evidence 
has at present been discovered of any change of climate, or 
variation in the fauna and flora between the periods when the 
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Lower and the Upper Freshwater Beds were laid down. Certain 
species are doubtless known at present from one division only, 
but this partial distribution seems more probably to indicate 
mere local circumstances than any great lapse of time. Leaves 
of the elm and the beech, for instance, have only been found at 
the base of the Forest-bed Series and at one locality ; these 
trees, however, are species generally characteristic of dry soil, and 
their leaves therefore could scarcely be expected to occur except 
merely locally in such deposits as those of the Forest-bed. On 
the other hand the hornbeam, maple, and hawthorn are onlj- 
indicated by fruit, found abundantly in the Upper Freshwater 
Bed at one locality, but rare or entirely absent elsewhere. Many 
of the mammals also at first sight would seem to be confined to 
certain portions of the series ; but this local distribution on 
further inquiry resolves itself into a separation of the large 
species from the small. Elephant and hippopotamus remains, for 
example, are almost confined to the estuarine and fluviatile 
gravels ; voles and shrews are abundant in the Upper Fresh- 
water Bed, but extremely rare below. The Lower Freshwater 
Bed seldom yields bones of any sort, for peat and peaty clays, 
such as are usually found on this horizon, are unfavourable to 
the preservation of osseous remains. 

From the examples, just brought forward, of the partial dis? 
tribution of the fossils, it will be understood that negative 
evidence is of doubtful value when an attempt is made to fix 
the limits in time of any one species. The elephants, or the 
elm and the beech, may well have ranged throughout the Forest- 
bed Series, though up to the present time ti'aces of them may 
only have been found on one horizon. Each year additional 
species, formerly known from one division only, are found to 
range into others, and the difi'erence between the various hori- 
zons, which in the Cromer Memoir was somewhat emphasised, 
is in this volume considered to be of less value than the links 
which bind the strata together into one set of estuarine, fluviatile, 
and lacustrine deposits. 

It must not be thought — notwithstanding what has just been 
said — that the careful separation of the fossils of each zone is a 
matter of no importance, for unless this separation is made we 
shall never be able to understand, or take into account, the 
successive waves of migration which must have passed over the 
country in Pliocene times as they do in the present day. The 
above remarks are merely intended to prevent any reliance being 
placed on negative evidence, in the present imperfect state of 
our knowledge of Pliocene natural history. The complicated 
details relating to local distribution, and to the various deposits 
in which the species occur, could not be given in this Memoir 
without making it far too bulky. A considerable proportion of 
these details has already been given in the Cromer Memoir ; the 
remainder is preserved in manuscript in the Office of the Geolo- 
gical Survey. 
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A summary of the more important parts of this mass of facts 
is given in the following pages. Selected sections are also in- 
serted, to show the ordinary nature of the deposits, and where 
local peculiarities tend to modify the character of the fauna and 
flora these are indicated. 

In describing the sections of the Forest-bed we will commence 
at the northern extremity of the area, for towards the south 
the relations of the deposits are more obscure, and there is 
considerable doubt as to the limits of this division. 

In the neighbourhood of Weybourn the Lower Freshwater 
Bed appears to have been overlapped ; at any rate no trace of 
it can there be found. The quartzite -gravels, belonging proloably 
to the middle Estuarine division of the Forest-bed, are almost 
unfossiliferous, nothing having been found in them at this 
locality except one or two fragments of bone and pieces of wood ; 
their mode of occurrence is shown in Fig. 34 (p. 141). Above them, 
for rather more than a quarter of a mile east of the Coastguard 
Station, there are freshwater peaty loams belonging to the 
Upper Freshwater Bed, lying in slightly eroded hollows cut off 
above by Boulder Clay, so that we cannot say whether they are 
portions of a once continuous lacustrine deposit, or were formed 
in separate ponds. Beneath these, the beds are penetrated by 
small roots too much decayed for microscopic examination. At 
one spot only could any fossils be obtained. Just five hundred 
yards east of the flagstaff a peaty seam yielded in abundance 
Cypris browniana and opercula of Bythinico ; but all purely 
calcaxeous fossils have disappeared, having been dissolved by the 
peaty water. Shells must originally have been abundant, for a 
large quantity of the horny opercula were obtained by washing 
a little of the loam. A few yards further east the quartzite 
gravel rises and thins out against the Boulder Clay. 

It is worthy of note that at Weybourn, under the Upper 
Freshwater Bed, the surface of the Chalk is irregular and much 
piped. In several places 'the Pliocene strata have subsided 
into hollows, but the Boulder Clay continues across undisturbed, 
proving the piping to be pre-glacial. East of the point where 
the Freshwater Beds disappear the surface of the Chalk becomes 
much more regular. 

No further exposures that can be definitely referred to the 
Forest-bed occur till within a quarter of a mile of Lower Sher- 
ringham. Here we have the following section in the lower part 
of the cliff: — 

Feet. 

Boulder Clay 

Leda-myalis \ Yello-wisli sand and a little gravel - 15 

Bed ? J Gravel ...-.- 3 

Upper Freshwater Bed (missing). 

Forest-bed ] Stiff dark-blue clay, with drift wood and "1 
(estuarine > small cakes of peat, bones and teeth of 1- 3 
division). J elephant, and antlers of deer. J 

Lower Freshwater Bed (missing). 

Weybourn Crag "Pan " crowded with shells - 1| 

Chalk with flints. 
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This section is interesting, because, as the Eev. 0. Fisher has 
pointed out,* it is the most westerly exposure of the typical 
Forest -bed. The cakes of peat included in it also appear to point 
to the destruction of the Lower Freshwater Bed. The quartzite 
gravels, which seem nearly everywhere to form the upper part 
of the Estuarine division, and often overlap the clays, appear to 
have been at this point cut out by the Leda myalls Bed. From 
here to Sherringhara the section is much obscured by talus, but 
one or two somewhat similar exposures can occasionally be 
examined, and in one place I noticed what seemed to be traces 
of a Pre-glacial soil. An angular boulder of felsite, 11 inches 
long, was obtained from the base of the Forest-bed at Sherring- 
ham ; it is one of the very few instances in which igneous rocks 
have been found in these Pre-glacial gravels. Several masses of 
vein quartz and rounded boulders of quartzite nearly a foot in 
diameter have also been found in the Forest-bed in this neigh- 
bourhood. None of these erratics show any trace of glacial 
scratching. 

Immediately east of Lower Sherringham, sands and thin 
greyish loams containing occasional specimens of Pisidium and 
Succinea are found. These may belong to the Upper Fresh- 
water Bed, but more probably they represent the higher Arctic 
one. At this point, and wherever all the Pre-glacial beds in the 
cliflF happen to be sandy, it is almost impossible to trace definite 
lines of division, but the included fossils prove without doubt 
that very different conditions must have prevailed during the 
deposition of successive portions of the sand. Where the bed.s 
are clayey there is seldom much difficulty about the lines of 
junction, for the older deposits generally show more or less erosion. 
Below this Freshwater Bed there are sands and quartzite gravels, 
here sometimes resting immediately on the Chalk without any 
intervening Weybourn Crag. 

A short distance further south-east, under Beeston Hills, we 
h,ave the important exposure, shown in Section 3 of the folding 
plate in the Cromer Memoir. Here the estuarine quartzite 
gravel is thin, as is the Weybourn Crag, but has yielded a 
few badly preserved bones. Above it we find a bed of blue- 
black peaty loam, for the most part rather stony. This bed 
is full of plant remains ; but, as at Weybourn, all purely cal- 
careous fossils have disappeared. It has yielded teeth and bones 
of pike, abundance of seeds, and opercula of Bythinia, but no 
shells. Among the common plants are several species of Soirpus, 
Geratophyllum demersum, Hippuris vulgaris, Rumex nnari- 
timV/S, Potamogeton haterophyllus, P. trichoides, P. pectinatiis, 
Ghara, &c. Eesting on this Upper Freshwater Bed there is 
gravelly sand with occasional marine shells, perhaps only deri- 
vative, above which is found the Arctic Freshwater Bed. At a 
point mid-way between the Hill and th.e Streapa all the beds are 
fossiliferous, and the following section is shown ; the beds con- 

* Gcol. Mag., vol. v., p. 54.0. (1868.) 
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tinuing with the same character for a considerable distance both 
east and west, though the thicknesses vary slightly :-^ 
Boulder Clay. Fbex. 

Arctic Fresh f ^^^^ ^^^ loam. 1 

■water "Red ' 1 -P®^*/ laminated loam with Salix polaris ^ 7 

L and moss - - - - -J 

Leda myalis \ False-bedded sand and sandy flint gravel 

Bed P J -with a few marine shells - - - 4 

Upper Fresh- 1 Peaty loam with operoula of Bythmia tenia- 
water Bed J oulaia, seeds, and fish bones - - 5 

/ , " . 1 Clay, quartzite -gravel, and sand, with ocoa- 

division^^ I clonal fragments of mammalian bone - 6 
Lower Fresh. 



jower Fresh- 1 /„■„ ■ \ 
water Bed. jC^^^ssmg). 



"Pan and stone bed, with clay, clay-pebbles, 
and marine shells : Purpura lapilVus, Lit- 
torina Uttorea, Oardmm eduh, Asia/rte com- 
pressa, Gyprma islandica, Tellina halthica, 
T. ohliqua, Madra ovalis, Mya arenaria - 
Chalk with flints. 



Weybourn 
Crag 



The exposure at Beeston is particularly important in showing 
clearly the succession, for aU the beds between the Boulder Clay 
and the Chalk are represented, with the exception of the Lower 
Freshwater Bed. At the time this section was noted the cliff 
was exceptionally free from talus, for the erection of groynes at 
Sherringham had caused the beach to be thoroughly cleared away 
for some distance to the south-east. 

A few yards from the stream at Beeston the Pliocene strata are 
cut out by Boulder Clay, and when they reappear half a mile 
further south-east the Freshwater Bed is missing, and the estuarine 
division of the Forest-bed cannot definitely be recognised. 

On the west side of West Runton Gap (sometimes called 
Woman Hithe), there occurs at the base of the clifi^ a mass of blue 
clay, belonging probably to the Forest-bed, which, when traced 
towards the Gap, becomes whitish and weathered, and near the 
road is penetrated by small roots. Here it is immediately over- 
laid by marine sands with Leda myalis and Mya truncata, in the 
position of life ; but in the centre of the roadway a thin seam 
of peaty sand full of freshwater shells intervenes, and the clay 
is penetrated by small roots (Rootlet Bed). Within 50 yards the 
. Freshwater Bed is again cut out by the Leda myalis Bed ; never- 
theless a continuous weathered soil can now be traced for at 
least half a mile. About 150 yards south-east of the Gap the 
Freshwater Bed reappears, resting on an eroded surface of 
weathered laminated clay and sand with marine shells. It now 
continues without interruption for 350 yards, with a maximum 
thickness of about six feet. 

The Upper Freshwater Bed at Runton consists of peat or 
peaty loam with generally a sandy or clayey base ; and from this 
locality most of the small vertebrate remains, and the freshwater 
shells, in public and private collections, have been obtained. In 
the Appendix is a full list of the fossils ; but as the species vary 
according to the nature of the deposit, it is desirable to draw 
attention to the characteristics of each portion. 
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Near West Runton Gap theljed is a loamy sand full oi Gor- 
bicula Jlumineolis and Paludina gibba, but does not exceed 
eight inches in thickness. Where it reappears further east it is 
also sandy, especially at the base; and if this sand is carefully 
sifted it yields in abundance bones of small mammals, birds, 
reptiles, amphibia, and fishes, and numerous freshwater shells. 
Unfortunately the extraordinary abundance of small bones in 
this part of the deposit was only discovered when the bed was 
to a large extent hidden by talus, though for several months 
previously it had been well exposed. There is also a great 
variety of mollusca, including several species which are either 
extinct or not now living in England ; the former are Lvmax 
modioliforTiiis, Paludina gibba, and Hydrobia runtoniana; 
the latter include Corbicula fluminalis, Hydrobia Steinii,B,iad 
Valvata Jluviatilis (see PI. V.). Still further east the base of 
the bed is clayey, with abundance of Hydrobia runtoniana, 
and the upper part is peaty with large Anodons, elytra of 
beetles, and badly preserved seeds. Bones occur throughout, 
though, when found in the wet peaty portion, they are generally 
much decayed. Mixed with the perfect land and freshwater 
shells a few worn and decayed fragments of Tellina balthica 
and Cardium edule have been found, evidently derived from the 
underlying estuarine beds. To the same cause we should refer 
the occurrence of a tooth of a seal ; for there is not the slightest 
evidence of the irruption of the sea at this stage, the other 
fossils being purely lacustrine and fluviatile. A single rolled 
fragment of an elephant's tooth has been found, but as none of 
the other bones are water- worn, and no other specimen of 
elephant is known from this horizon, this also is probably 
derivative. 

The roots which penetrate the underlying soil are here always 
too much decayed for microscopic examination, but from their 
shape and mode of growth they probably belong to pine or fir. 
When the pine grows on an alluvial soil saturated with water all 
the main roots spread horizontally to form a sort of platform, 
sending off a mass of small roots of nearly equal size vertically 
downwards. At TLunton it seems that the stools have been 
washed away, leaving only the termination of the roots, but at 
the same horizon at Happisburgh one stool was found in the soil; 
and a root examined microscopically showed obscure traces of 
what appeared to be coniferous structure, but it was too much 
decaj'ed for satisfactory determination. 

The clays and gravels which form the soil on which these 
trees grew, here belong to the estuarine division of the Forest- 
bed ; but, unfortunately, the junction between it and the 
Weybourn Crag is for considerable distances hidden by the 
beach, and in many places it cannot definitely be said to which 
division an isolated exposure may belong. 

Beneath the Freshwater bed laminated loam with Tellina 
balthica, and pebbly quartzite gravel, have weathered into a soil 
in the upper part, but are well bedded two or three feet down. 
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These pebbly gravels, -which are common all along the coast, are 
often cemented into a mass of ferruginous conglomerate, which, 
after the talus has been cleared away by storms, forms a con- 
spicuous tabular mass at the base of the cliff, or on the foreshore. 
This " pan " or " elephant-bed," as it is often called, lies on no jfixed 
horizon, but ranges throughout the Forest-bed, sometimes at the 
base, but more commonly high up. It appears always to occur 
at the base of a mass of gravel or sand which rests on impervious 
clays. 

Tracing the strata from West Runton Gap, the first-characteristic 
section of the estuarine beds that has been observed is a short 
distance west of the large Chalk boulders in ths cliff. Here 
laminated clay full of lignite occupies a hollow eroded in the 
Weybourn Crag and cutting nearly to the Chalk, but a few yards 
further it rises and is lost in the beach. Under the western end 
of the first Chalk boulder, the Freshwater bed again appears in 
the cliff for about ten yards, resting on weathered loamy gravel 
with estuarine shells. 

Near Wood Hill there is shown on the foreshore a bed of clay- 
pebbles resting apparently oa an eroded surface of Weybourn 
Crag. This bed passes up into alternating laminated clays, sand, 
and gravel. All the beds contain much drift wood and occasional 
derivative cakes of peat. Bones, and marine, land, and fresh- 
water shells, occur abundantly near the base. Owing to the 
peculiar nature of this deposit, which has been formed in part 
from the breaking up of the Weybourn Crag and of the Lower 
Freshwater Bed, it is very difficult to say to what extent the 
marine shells may be derivative, but most of the land and fresh- 
water species certainly belong to the bed ; and so do many of the 
estuarine forms, for there are seams full of mussels in the position 
of life. 

These beds of clay-pebbles maintain the same character for 

some distance south-east of East Runton Gangway ; they are 

extremely fossiliferous, and show -^^^ gy 

better than any other portion of ^ ^l ■ n ■ ■ r\ 

,,1 ■. .T, -1 • J Iroaontherium uuvur^, Owen 

the deposit the curiously mixed ,? ■ j j: 

f . , i. p J.T. (lower qnnders, froTn a speoi- 

or estuarine character or the ^ ^ j j 71/ 7 7 ^ 
typical Forest-bed fauna. Mr. 'men found at Mv,ndesley). 

A. C. Savin, of Cromer, has here ^^*"^1 "^^■ 

obtained a number of mammalian 

remains. Among those found in 

the course of the Survey were — 

the scapula of elephant, jaw of 

Trogontheriuon (Fig. 37), and 

antlers of several species of deer, 

now in the Museum of Practical 

Geology. The Trogontherium is a large extinct rodent allied 

to the Beaver ; it is common in Upper Pliocene freshwater 

deposits. The quantity of bones seen at Runton indicates that 

at present this is one of the best localities for collecting from 

the estuarine division. It is also the only place where land-shells 

are found in any abundance ; Helix is particularly common, much 
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more so than any freshwater species. In the list of species 
in the Appendix, those which may be derivative are marked 
as doubtful, but it is worth notice that some of the charac- 
teristic Crag forms undoubtedly belong to the bed. Among these 
may be mentioned the well-known Norwich Crag fish, Flatax 
Woodwardi (Fig. 38), here very common, and occurring, though 
more rarely, in the Weybourn -p^^ 33 

Crag. Mdampus pymmidalis, Woodwardi, Ag., 

an extinct Crag shell, is also ^ .1 r> t -l j t rt 1 ^ 
\. J i. R, -4.1, ^A from the Forest-bed at Kunton. 
more abundant than m the older •' 

beds. Tellina obliqua, Nucula ^**"^' ^^^ 

Gobboldice, and the reversed 

Trophon antiqvMS, are plentiful, 

but may be derivative. The 

whole of the marine species occur 

also in the "Weybourn Crag; 

the more abundant forms are 

such as we find thrown up on 

sandy beaches at the mouths of estuaries {Oardium edule, Mytilus 

edulis, Bonax vittatus, Littorina littorea, L. rud/is, Pu/rpura 

lapillus, Melampus). 

Mixed with the shells a few stools of trees were observed, and 
in one place a trunk of fir over 18 feet long : but, as a general 
rule, the drift wood and shells occur in distinct beds, for heavy 
rains would wash trees into the estuary, at the same time 
damming back the tide, while on other occasions storms would 
wash in marine shells from the open sea. Thus the alternation 
of beds of lignite with marine sands does not necessarily point 
to any change of level during their formation. Besides the 
little-altered drift-wood, derivative pebbles of lignite, jet, and 
very rarely of silicified wood, were found. 

On both sides of East Runton Gangway a mass of the 
ferruginous conglomerate locally termed " pan " forms a con- 
spicuous feature at the base of the cliff. The beds immediately 
beneath could not be examined at this spot ; but at the foot of the 
beach (about 7 feet below the base of the pan) the bed of clay 
pebbles is often well shown, and contains an unusual abundance 
of antlers of deer, belonging to at least three species. Several 
elephants' teeth have been found here, but they were too much 
decayed for preservation. A few yards east of the Gap a boulder 
of coarse greyish granite, measuring 2 x 1| x 1 feet, was to be 
seen among the clay-pebbles and bones ; the rock was composed 
of orthoclase, quartz, muscovite, and a little hornblende. This 
is by far the largest boulder yet found in the Forest-bed, and is 
also one of the very few of igneous origin yet noticed, but it is 
impossible to say from what district the mass had been derived. 
A few bones occur in the pan, but they are usually much broken. 
As a general rule, for all localities of the estuarine division of the 
Forest-bed the least damaged specimens have been obtained from 
claj'ey beds, but they usually need careful handling and gela- 
tinising ; the bones from the pan or elephant-bed are harder but 
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more broken and worn. In the clays most of the bones occur in 
masses of rolled clay-pebbles, and very few in the laminated 
portion, though one or two found in the latter are unusually 
perfect. 

Between East .Hunton and Cromer the estuarine Forest-bed 
can only here and there be seen at the base of the cliff or on the 
foreshore; it appears gradually to become more carbonaceous, 
and contains few marine shells, except mussels. About three- 
quarters of a mile north-west of Cromer there is sometimes 
exposed at low water two or three feet of black mud representing 
the Lower Freshwater Bed. This mud can be traced for about 
a hundred yards, cutting through the Weybourn Crag, and in 
one 'place for a few feet touching the Chalk, so that it extends 
to extreme low water mark. Eesting on and overlapping it 
greenish laminated sandy clay full of wood contains occasional 
marine shells and fir-cones. This exposure of the Lower Fresh- 
water Bed is especially important, as being one of the few places 
where the horizon has been examined in situ ; though from 
derivative boulders in the overlying estuarine beds, and from 
beach specimens at Happisburgh, its flora is fairly well known. 
The depoBit is a tenacious and carbonaceous river-mud with fish- 
bones, and abundance of seeds of water and marsh plants and 
masses of the bracts of cotton grass. 

Opposite Cromer the Forest-bed is hidden under the sea-wall 
and by the beach retained by the groynes, but a few yards west 
of the wall, laminated clay with drift-wood and fir-cones is 
occasionally to be seen at the base of the cUff and on the fore- 
shore. Many tree-stumps are said to have been found when the 
sea-wall was being built, but now no clear sections are met with 
till the last groyne is passed. On the lower side of the groyne, 
when the beach has been scoured away by storms, clayey gravel 
is laid bare. From this locality Mr, Savin has obtained many 
bones. 

Between the Lighthouse Hills and Overstrand village the 
Forest-bed changes very little. In the upper part it consists of 
laminated blue clay with drift wood, but (as far as the writer 
has seen) no bones. Beneath there are generally alternations of 
clay and gravel with large pieces of drift-wood, bones, and 
mussels ; and at the base is found a bed of clay-pebbles with 
abundance of bones, resting on the fossiliferous clays of the 
Weybourn Crag. The thickness of the Forest-bed near Over- 
strand appears to average about 15 feet ; in one place it measured 
24 feet. _ _ ' _ 

A large proportion of the mammalian remains in old collec- 
tions were obtained from the Green Hill Kocks, opposite the light- 
house. Several hundred elephants' teeth must have been found, 
and yet probably the locality was not exceptionally fossiliferous. 
The reason why so many bones have been washed out is that 
the building of the jetty and groynes at Cromer stopped the 
travelling of the beach, so that for many years these rocks were 
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continually bare. They have now been much denuded, and 
fewer fossils are obtained, but several teeth of elephant, a jaw of 
Trogontherium, and various other bones were found during the 
Survey. Mr. A. (J. Savin has a large collection from this locality, 
and the majority of Miss Anna Gumey's specimens, now so 
widely distributed, came from here. Tree-stumps scattered 
throughout the beds are very common, but comparatively few 
trunks are seen. Most of the stools belong to fir or pine of 
moderate size ; other trees, except willow, are rare. There are 
also many derived cakes of peat, often bored by Pholas, with 
elytra of beetles and leaves. In isolated exposures the clays of 
the Forest-bed may be distinguished from those of the Weyboum 
Crag by their dark blue colour, the latter being greenish. 

One or two sections will give an idea of the general character 
of the beds, the details of which vary slightly every few yards. 
The following was taken nearly under the Old Lighthouse : — 

Feet. 
Boulder Clay. 
Leda myalls f Sand with a little loam, a few stones in the 

Bed (?) 1 lower part - - - 6 

Upper Preah- 1 /„• ■ ^ 
water Bed. j (hissing). 

r Laminated clay and lignite - - 12 

-p 4. -u J I Alternating gravel and clay with a few seams 
Jjorest-Dea , of mussels and much lignite - - 7 

lestuarmej. Clay-pebbles, with lignite, cakes of peat, and 

[_ mammalian bones - - - - 3 

Lower Fresh- "1 , . . , 
water Bed. jC^^^'ig)- 
Weyboum f Grreenish loam, clay, and clay -ironstone, full 

Crag. I of casts of marine shells - - (?) 

Not far from this spot the Pholas-hored peat of the Lower 
Freshwater Bed was found in place during October 1889. The 
mass preserved was apparently only a few square yards in extent 
and not more than ten inches thick. It distinctly lay between 
the Weybourn Crag and the bed of clay-pebbles forming the 
base of the estuarine division. 

At the eastern end of Kirby Hill the Boulder Clay had cut 
several feet into the Forest-bed, and the mass of bedded blue 
clays shown further west had disappeared. On the foreshore, 
about mid-way between these exposures, lying on and partly 
embedded in the clay-gravel was a stump of fir, 3 feet in diameter 
near the base, with the roots spreading over 11 feet in one 
direction, and 9 feet in another. In hollows there were here and 
there preserved portions of the bark, and also of a loamy peaty 
soil with seeds. This was by far the largest tree examined ; for 
it had a spread of about 20 feet ; no other having exceeded 
10 feet. By employing men to clear away the clay, I was able 
examine the termination of many of the roots ; they were all 
worn, and one, which was traced for a long way among the clay- 
pebbles, measured about 3 inches at its broken and rounded 
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extremity. It was cut off, and is now in the Museum of Practical 
Geology as an example of the ordinary worn state of the roots 
in the Forest-bed trees. 

At Beck Hithe the Boulder Clay cuts' deeply into the Forest- 
bed, and the bones, though abundant, are much crushed and 
decayed. A few yards to the east the junction again rises, 
and the Upper Freshwater Bed appears immediately beneath 
the Boulder Clay. The exposures between Overstrand and 
Sidestrand being fully described in the Cromer Memoir, one 
characteristic section will be sufficient to indicate the nature of 
the deposits, for though the thickness varies considerably the 
general character of the strata remains unchanged for some 
distance. About 600 yards east of Beck Hithe, the following 
section was seen ; its exact position may be found by the 
enormous Chalk boulder in the cliff above, and by the old groyne 
on the shore opposite : — 

Feet. 
Boulder Clay. 

UDBer Fresh- f S^'id irregularly mixed with carbonaceous bine 
water Red " I "1^7 ' T^w^fls^t piscmalis, Bythmia tentacu- 

L lata, Pisidium amnieum, TJnio or Anodon - 2 
f False-bedded sand with clay-pebbles and 
Forest hpd i fragments of Mytilus. (A perfect specimen 
(estuarine) \ oi Saalaria grtenlandica) - - - 4J 

^ '' False-bedded sandy gravel, in places ce- 

L mented into pan - - - 4 

(?) Hidden under the beach - - - 4 

^V s^^ \ ^^"'^y "■^^y with decayed marine shells. 

Beneath the Freshwater Bed there are perhaps some small roots 
penetrating the estuarine sands, but they are obscure and much 
decayed. A sample of the carbonaceous clay, recently obtained a 
few yards from this spot, yielded a number of seeds, belonging 
as usual to marsh and aquatic plants, but among them were also 
some fruit of hawthorn, a species not previously found in the 
Cromer Forest-bed. 

Under the high cliffs at Sidestrand the Upper Freshwater 
Bed increases in importance, and becomes a bedded lacustrine 
clay full of shells, seeds, and fish-bones. Mammalian remains 
are scarce, and land-shells are seldom found in it ; so that both 
the nature of the deposit and the included fossils point to 
a shallow lake, bordered probably by marshy ground, and a 
thick belt of sedges, which strained out any land shells or drift 
wood. Thus the whole of the animals and plants here found 
are aquatic or marsh species, and the fauna and flora, though the 
plants are here in a better state of preservation, are not so interest- 
ing as at West Runton, where land-mammals and moUusca are 
abundant, and forest trees occur. The commonest plants at 
Sidestrand are the floating pondweeds, yellow water-lily and 
water- crowfoot. The water-chestnut occurs, but is extremely 
rare. Most of the other plants belong to wet meadows ; among 

E 60798. L 
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them are various sedges, docks, and the buttercup. The moUusca 
call for no remark, since they are all, except Hydrobia marginata, 
common species at the present day in Norfolk. The following 
section of these deposits was seen at the foot of the cliff about 
100 yards south-east of Sidestrand Church ; two measurements 
were taken 15 yards apart: — 

Feet. 
Boulder Clay, with, uneven base. 

P / False-bedded sand with thin blue clays and 

1 a little carbonaceous matter • - 3J to 7 

TT p F sb r '^^^^ bedded clay, the lower part stony : Pi- 

^^ ^ -0% ' \ sidmm amnioum, TJnio or Anodon - - 4 to ?, 

water J3ea. [ Gravelly blue clay with U"mos - - to 1 

Forest-bed / Ferruginous loamy gravel, with Mya trimcata 

(estuarine). i. and SfeZHwa 6aZt/iica. in the position of life 1 to 

A few feet in each direction the gravel with Mya truncata cannot 
be found ; it is apparently cut out by the Freshwater Bed. In 
one place the shell of the Mya has been entirely dissolved away, 
but the tough siphon-tubes are well preserved, looking much 
like portions of decayed roots of trees. 

The Freshwater Bed can now be traced continuously for about 
320 yards, when it is suddenly cut off by the Boulder Clay. 
As it constantly shows slight variations, one detailed section 
must here suffice. At 180 yards north-west of the trough 
occupied by Boulder Clay the subjoined strata were observed 
in the course of the Survey : — 

Feet. 
Boulder Olay. 

Ledam^aUs ]. Sand and thin clays - ... 2 

rLaininated loam . . . . i 

Upper Fresh- J Blue carbonaceous clay, bedding obscure - 3J 
water Bed. | Blue stony loam, with freshwater shells, 

L seeds, and drift-wood - - - 1 

f Clayey pan, with driftwood (Mya not ob- 

■n,„_„„i. T^^j I served, but may have entirely decayed) - 1.^ 

fstuarine) ^^ (Strata hidden by beach) - - - 4." 

^ '■ I Laminated clay, clay pebbles, lignite and a 

[_ ' few bones - - - - - 1 + 

A few yards from this spot an attempt was made to reach the 
Weyboum Crag by boring, but without result, as the Forest- 
bed was gravelly and sandy and full of water. The boring 
commenced in the blue clay at the base of the Upper Fresh- 
water Bed and penetrated the strata marked as " hidden " in the 
last section ; these consisted of black gravelly sands. 

For nearly half-a-mile no sections can be seen, for the Boulder 
Clay cuts through the beds to beneath the sea-level. When the 
Pliocene beds reappear, the character of the upper portion of the 
section has a good deal altered. 

At 100 yards south-east of the old groyne at Trimingham 
(there is no other landmark visible by which to fix the spot) we 
have the section shown in Fig. 39. 
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Fig. 89. 

Section of the lower part of the Cliff near the old Groyne at 
Trimingham. 

Scale, 20 feet to an inch. 
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Hard blue stony Boulder Clay (base only shown). 

False-bedded sand, irregularly mixed with carbonaceous 

blue clay. 
Fine loamy bluish false-bedded sand, with very few 

stones, the upper part penetrated by roots (Rootlet 

Bed). 
Clay pebbles, gravel, sand, and lignite, with niunerous bones. 
Carbonaceous green clayey silt, full of seeds. 
Laminated lignite and loam. 

Green and blue laminated rather carbonaceous clay. 
Sand with marine shells. 
Clay as above. 
Probable position of the Chalk. 

At the time the strata were examined the beach had been 
entirely swept away by a storm, and a continuous exposure 
could be traced to low-water mark. Ail three divisions of the 
Forest-bed were well shown in vertical section, and the total 
thickness of the Pliocene beds must be about 40 feet. A broken 
line has been put in to show the probable position of the Chalk, 
but it may perhaps be a few feet lower. 

The Upper Freshwater Bed in the section just figured, and in 
numerous others which have been or will be described, shows a 
peculiar structure, the carbonaceous clay and sand being appa- 
rently contorted together. At first sight, one might suppose 
this to be connected with the contortions in the Boulder Clay ; 
but in numerous instances these small contortions in the Fresh- 
water Beds are cut off and overlain by evenly-bedded freshwater 
clays, proving that they originated contemporaneously with the 
deposit. A similar contorted structure is not uncommon in 
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j-ecenfc alluvium, and may originate in various ways". An elephant, 
hippopotamus, or other large animal treading in the shallow 
water would easily s [ueeze the clays into these shnpes. One 
may notice that the oxeh and horses standing on the shores of 
the Broads often force up black mud through the gravel on each 
side of their footprints. Another mode of accounting for the 
contortion is tha^ it is due to the lateral thrust caused by the 
alternate freezing and thawing of the beds in the winter. But 
in either case it is noticeable that in the well-laminated fresh- 
water clays that are found at Sidestrand and a few other places, 
and which appear to have been formed in water too deep for 
freezing, or disturbance by the growth of water-plants, no con- 
tortions are found. In the contorted beds the common mollusca 
are the almost amphibious- Succinea, LiTnncea peregra {L. 
limosa), and Pisidium pusiUum, while in the bedded clay of 
Sidestrand the more lacustrine A ncylus ( Velletia) lacustris is 
perhaps the most abundant species. 

The Lower Freshwater Bed is now cut out, but for a quarter 
of ii mile to the south-east, beyond slight variations in the 
relative thickness of the different deposits, there is no other 
change and the small roots can be seen about 8 feet above the 
beach wherever the section is Iree from talus. At about three 
furlongs south-east of the old groyne at Trimingham the three 
tree stumps shown in Fig. 36, p. 151, were found. The section 
is: — 

Feet. 
Boulder Clay. 

Upper Fresh- / False-bedded sand, with irregular seams of 
water Bed. I grey loam and a gravelly base 2 

f False-bedded sand, with a few seams of loam 
I and scattered pebbles ■ - 5i 

I Laminated and false-bedded sand and clay - l| 
Forest-bed J (Strata hidden by beach) - - - 4 

(estnarine). ) Clay-pebbles and pan, with tree-stumps and 

lignite - ... 2 

Blue laminated carbonaceous clay, lignite, 

and clay pebbles - - - 3 + 

About 200 yards further south, the bed of clay-pebbles which 
contains the tree-stumps yielded a jaw of cod, the only marine 
fossil noticed in the Forest-bed in this neighbourhood, except a 
tooth of the spei-m whale (Physeter macrocephalus). 

The false-bedded sands now gradually change to laminated 
clay, which forms a conspicuous mass 6 feet thick at the base of 
the cliff under Trimingham lime-kiln. About 50 yards further 
south the mass of laminated clay has been cut out and replaced 
by sand and loam. Then the Boulder Clay gradually descends 
and cuts out the Freshwater Bed, but the Estuarine division 
can be traced to near the western Chalk bluff at Trimingham. 
There are continual variations, but it is unnecessary to note 
ever}' change. The last section which could be seen was 80 yards 
from the Chalk. Unfortunately persistent talus prevents us 
from tracing the beds till they disappear in the glacial contortion 
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which has forced the Chalk above its normal level, and it is at 
present doubtful how they end off. Pliocene deposits will 
not improbably be found beneath the Chalk, which is here 
contorted into a loop and inverted. The Chalk cannot have 
stood at its present high level when the Forest-bed was 
deposited, for tlie laminated clays are seen close to the Chalk 
without containing any fragments of it. A small hill of this 
sort would have entirely disappeared long before the whole 
of these Pliocene strata could have been laid down, for the 
Chalk is exceptionally soft, and it would have been always 
exposed to atmospheric action and the constant washing of peaty 
water. It has been stated that Crag occurs on the top of these 
Chalk bluffs ; but this is a mistake ; the shelly sand there seen 
is merely a patch of the ordinary Glacial sand. 

An attempt was made to settle the relations of the strata by 
boring close to the southern face of the. bluff; but this only 
proved that at least 10 feet of Glacial sands pass under the con- 
toT'ted Clialk, for at that depth boring was stopped by quicksand, 
without I'eaching Pliocene strata. 

On the south-east side of the bluff the Forest-bed reappears 
within 140 yards, and as the base of the Boulder Clay is there 
a tew feet higher than on the north-west side, the Upper Fresh- 
water Bed is again seen At 180 yards from the Chalk the 
following section occurs : — 



Boulder Clay. 



Feet. 



Sand and bine loam mixed - - 1 

Sand irregularly mixed with blue clay : Sue- 

cinea throughout - - 2i 

Blue bedded carbonaceous clay with seams of 
Upper Fresh- J sand and a few small stones ; twigs and 
wufni- Tiorl "^ shells throughout, Siiccmea putris very 

common, Cyclas cornea one valve - 2J 

Contorted laminated clay and sand, with a 
little gravel and a carbonaceous seam at 
the base - - - 2 

~Well-bedded blue clay with a few thin seams 

of gravel and sand - - - 4J 

. Bedded sand and clay - - - 1 + 



water Bed. 



Forest-bed 
(estuarine). 



The perfectly' undisturbed stratification of the Pliocene strata 
at this spot IS remarkable, for not only is the Chalk in tlie cliff 
on each side much folded, but the foreshore immediately 
opposite tlie section above noted is occupied by highly disturbed 
fflacial deposits and Chalk, which at one point appear to overlie 
the carbonaceous clays of the Forest-bed. It is possible that in 
the last section we may have both the Arctic and the Upper 
Freshwater Beds : but at the time this exposure was noted the 
writer was unaware of the distinction, and for the last ten 
years this part of the clifE has been too obscure for detailed re- 
examination. At 180 yards beyond the south-eastern Chalk 
bluff pan is seen at the top of the beach, but no clear exposure 
occurs for 130 }'ards further. From the reappearance of the 
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beds half-a-mile north-west of Mundesley Church, to Mundesloy 
village, an almost continuous section has been examined, though 
the whole of. the cliff is never free from talus at one time, as 
landslips occur immediately the buttresses arc washed away. 

About 200 yards from the first exposure there was the section 
shown in Fig. 40. 

Fig. 40, 
Section of the lower part of the Cliff three quarters of a mile 
north-iuest of the Coast Guard Station, Mundesley. 

Scale, 20 feet to an inch. 




C.R. 

2ndTUl 

Arctic Fresh- 
water Bed 

Forest-bed 



- 1. Blue Boulder Clay, -very chalky. 
C2. Sand. 

3. Bedded blue loam, full of moss and seeds ; Scdix polaris, 
Betula nana. 

4. Blue loam mixed with gravelly sand, filling an eroded 
hollow; Succinea, 



)rest-bed T 5. Laminated clay, 

(estuanne). J •^ 



In the Cromer Memoir horizons 3 and 4 were referred to the 
Upper Freshwater Bed, but the discovery that they contain 
leavesof the Arctic willows and birches proves that the correlation 
was erroneous. The Upper Freshwater Bed is probably entirely 
missing between the Chalk bluffs at Trimingham and the stream 
at Mundesley. 

About a quarter of a mile to the south-east of the point 
where the strata shown in Fig. 40 were observed, the Forest-bed 
is full of derivative cakes of peat from the Lower Freshwater 
Bed, and also proves its estuarine origin by occasional seams of 
mussels. The lithological character of the Forest-bed changes con- 
tinually ; but as these variations are only such as occur in most 
estuarine beds, it is unnecessary to give all the details. Three 
furlongs north-west of the Coast Guard Station, Mundesley, the 
base of the cliff is a mass of laminated clay with thin seams of 
sand ; but within 70 yards it has entirely changed, by the 
gradual thinning out of the clays, to false-bedded sand. This 
variable character in the strata continues to Mundesley, where on 
the foreshore, in beds rarely uncovered, many mammalian bones 
have been found, including three jaws of Trogonthenum, now 
in Mr. Fitch's collection. The beds in the cliff yield com- 
paratively few specimens. 

The relations of the different deposits at Mundesley are some- 
what difficult to make out. Great care is also needed to prevent 
confusion of the fossils from the different freshwater deposits ; 
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for at Mundesley there is a Post-glacial bed, which cuts into the 
Forest-bed; and the Arctic, the Upper, and the Lower Fresh- 
water Bed also occur. The general section of the lower part of 
the cliiF is : — 

2nd Till. - Boulder Clay, very chalky. 

Arctic Frest- f Sands with freshwater shells, and clays with Arctic 
water Bed. 1. plants : Salm polaris, &c. 

BedP f ^^^^^ ^^^ clays, perhaps marine. 

Upper Fresh- / Blue peaty clay, full of Umos, seeds, and fish-bones 
water Bed. \ (local patches only). 

("Laminated clay and sand, with beds of mussels. 
Forest-bed J Gravel, clay-pebbles, lignite, mammalian bones, and 
(estuarine), | cakes of peat bored by Pholas, representing the de- 
L stroyed Lower Freshwater Bed. 

At this locality all the beds are fossiliferous, and can be seen 
in vertical succession after storms have cleared away the talus. 
The Upper Freshwater Bed is thin, and only preserved in smaR 
patches, which occur at about two feet above the beach on the 
south-east side of the village, for about 60 yards beyond the 
broken sea-wall. The bed rests in slightly eroded hollows in 
the estuarine clays of the Forest-bed, and does not exceed six or 
eight inches in thickness, though it is very fossiliferous. At one 
spot the clay beneath it is weathered white, and shows obscure 
traces of roots. Derivative fragments of Tellina balthica and 
Cardium, and a Balanus with the valves united were washed 
out of the Freshwater clay, mixed with perfect specimens of 
Valvata and Ancylus. 

The contemporaneous fossils of this thin seam are like those 
found at Sidestrand, but the locality is more prolific, and has 
yielded a larger number of species, though a less quantity of the 
clay has been minutely examined. The vertebrata are only re- 
presented by the vole, frog, and three or four species of fish, large 
mammals being absent, as is often the case on this horizon. 

The underlying estuarine beds contain a number of bones of 
large mammals, principally elephant, rhinoceros, and deer ; many 
specimens being found every year, though the principal fossi- 
liferous horizons are ouly occasionally laid bare. 

TiU lately I had never been able to examine the strata hidden 
by sand on the lower part of the foreshore at Mundesley, though 
down to half-tide level they were occasionally visible. It was 
thus quite unexpectedly that on boring through a platform of 
hard gravel at mean-tide, the soft loams of the Weybourn Crag 
or Chillesford Clay were immediately entered (see p. 137). This 
proved that the Forest-bed Series was here thinner than had 
been imagined, and also accounted for the absence of ledges near 
low-water ; for the loams are much too soft to form ledges, and 
are scoured away directly they are laid bare. 

For some distance south there is no change of importance in 
the lithological character of the estuarine beds. At a quarter of 
a mile south-east of the sea-wall, immediately above the beach, 



168 



CEOMKR FOKEST-BED. 



a number of large derivative cakes of peat was found in the 
quartzite-gravel ; these were all bored by Pfuilas, and contained 
large quantities of the peculiar fruit of the virater chestnut 
{Trapa natans) (Fig. 41), a plant only known in other parts of 



Fig. 41. 

Trapa natans, Linn, (.fruit). 

Natural size. 




Britain by specimens from the Forest-bed. From the similar 
contents of the different cakes at any one place, it was probable 
that they had not drifted far, but till lately the Low^er Fresh- 
water Bed was unknown in place near Mundesley. Norch-west 
of the village another accumulation of derivative cakes of peat 
was seen, but all the masses were composed oi' reeds, Trapa 
natans being absent. During October 1889 the deposit was 
discovered in place at half-tide level, 550 yards south of the 
stream. It is a black laminated peat, crowded with fruit of 
Trapa natans and opercula of Bythinia, but no other fossils 
were obtained, except a single specimen of Geratophyllum 
demersum. The surface of the peat is bored by Pholas. 

When the beach between Mundesley and Bacton has been 
cleared away by north-westerly gales, large quantities of bones 
are obtained, just below high -water mark, in alternating beds of 
clay-pebbles, laminated clay, and gravel with drift-wood and tree 
stumps. These beds extend to the foot of the beach, but sand- 
banks usually obscure the whole of the foreshore. The fossils 
obtained are generally bones and teeth of Elephas meridionalis 
and E. antiquus, and antlers of deer ; but probably here, as 
elsewhere, the scarcity of small specimens is largely owing to the 
little demand for them. An elephant's tooth has a definite price, 
but most collectors care little for the smaller things ; and the long- 
shore men, when they notice them at all, find them so difficult to 
handle without breaking as not to be worth the trouble of 
preserving. 

About 500 yards from the sea-wall a perfect femur of elephant, 
5 feet in length, was found partly imbedded in the upper surface 
of the estuarine division of the Forest-bed. This specimen, now 
in the collection of Mr. Colman, at Gorton, is remarkable both for 
its perfect preservation and for the unusually high position 
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4 feet above the beach, in which it occurred. The bones are here 
generally found in a bed about 5 feet lower, seen on the foreshore 
opposite. 

Half a mile from Kundesley the jaw of glutton, figured by Mr. 
E. T. Newton,* was found about high-water mark. • Nearly a 
mile from Mundesley mussels are found in the Forest-bed ; thus 
proving that the strata are still partly of marine origin. About 
three-quarters of a mile south of Mundesley the Lower Fresh- 
water Bed was again seen for a few yards. It here consisted of 
peat full of matted reeds, seeds of bog-bean, and elytra of 
beetles, but Trapa nutans was not found. 

At a mile and a quarter from Mundesley the Till suddenly 
ploughs through the beds to beneath the sea-level, but just north- 
west of the point where the Forest-bed disappears the subjoined 
section was observed : — 

Feet. 
2nd Till - Boulder Clay, very chalky. 

(Laminated clay and sand - 5 

Beds of clay-pebbles, -with. Mytilus, Littorina, 
Balanus, teetli of Arvicola, and limb-bone 
of Trogontherium - - 2 

For nearly half a mile south of this point no sections are to be 
seen, but where Pliocene strata reappear the character is un- 
altered. About 80 yards further they become more gravelly, 
and show false-beddmg with a northerly dip. The gravel is 
composed of nearly unworn ilints, and flint, quartz, quartzite, 
clay, and clay-ironstone pebbles, with rarely cherty sandstone 
(Neocomian ?), green coated flints (Eocene), pjrrites containing 
wood, and jet ; there is also a little drift wood, some cakes of 
peat, and small selenite crystals. The only fossil found was a 
fragment of elephant's tusk about 5 inches in length. 

In the neighbourhood of Bacton the Forest-bed shows extremely 
rapid changes in lithological character ; and as the upper part 
rises 10 or 15 feet above the leve) of tlie beach, it can easily be 
examined, and may be described generally as a mass of false- 
bedded gravel and sand with lenticular seams of laminated clay, 
clay- pebbles, or lignite. A few sections taken here and there will 
be sufficient to show tiie ordinary character of the deposits. 

At' 350 yards north-west of the first road to Bacton village 
the following section was noted : — . 

Feet. 
Soil ..... - . lJto2 

r Crravel and loam contorted together, and 
Valley Gravel < squeezing up the laminated clays of the 

L Forest-bed ... -7 

f Laminated clay and sand, with a bed of wood 
j at the base ... 8 

Forest-bed J Clay-pebbles and gravel, with large unworn 
(estuarine). 1 flints, quartzite pebbles, &c. Numerous 

mammalian bones . - . 3 

Laminated clay, clay -pebbles, and lignite 3 



* Gaol. Mag., dee. II., vol vii., p. 424 (1880) ; and The Vertebrata of the Forest 
Bed Series (Memoirs of the Geological Survey), p. 17. 
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Between this ^point and the road the beds are very sandy and 
gravelly. The composition of the gravel is :: — 

Unworn and snb-angular flints - - - - 82 

Quartzite pebbles (pften large) - - - - 73 

Flitit pebbles - ' - - - - - - 56 

Quartz - - - . - - - - 32 

Hard sandstone (Seocomian ?) .... 6 

Otert ........ 2 

Black grit ..... 2 

Close to the site of the old Coast Guard Station at Bacton 
(marked on the Map) marine shells are met with for the last 
time as we trace the strata southw^ard ; though one or two 
cetacean bones have been found in the corresponding deposits in 
Suffolk. The Bacton section showed : — 

Feet. 

Soil 2 

1st Till - Stony loam ..... 4 

Unner Fresh- f Loamy sand ... 2 

water Bed P i ^^^^7 loam, bedding obscure 

L Laminated sand and clay . . - 1 

Tfi , , J ["Laminated olay, with, a few thin seams of 

fpstna'r'np'l ' 1 g^a-vel and sand, full of Mytilus eduUs 
^ '' L and LittoriTia littorea ... h'i 

These seams with marine shells were first described by the Rev. 
0. Green in 1842,* but at that time, the exposures appear to have 
been much more fossiliferous than at present; the cliff has pro- 
bably now been cut fully 100 yards further back, and the details 
of the section have quite altered. Green mentions the following 
species as occurring here : — 

Littorina littorea. 

Mytilus antiquornm [:=M!. edulis, Linn]. 

Soalaria groenlandica. 

minnta, 

Astarte plana [=A. borealis, Ohem.]. 
Fnsns striatus [=Trophon antiqnus, Miill.]. 

contrarius [■ , reversed var.J. 

Oardinm, fragments. 
Turbinolia. 

To the above list Prof. Prestwich adds Littorina rudis and 

Pwt'pura lapillus.-f 

The next section of importance is seen near the present Coast 

Guard Station at Bacton. At this point, and for several hundred 

yards on each side, the Upper Freshwater Bed again appears 

immediately under the Till : — 

Feet. 
Soil _-.-_...-. 2 

Intermediate Bods. Laminated marl . - - - 1 

Ist Till - Stony Boulder Olay, with little chalk - 7 

{Mixed clay and sand, with freshwater shells : 
Sucdnea putris, Bythmia tentaculaia, 
Cyalas cornea - ... . 2\ 

Sand and loam - - . 24 

(Grravel, with thin clay seams - 3 

Laminated blue clay ... - 5 

(Strata hidden by beach) - - 8 

Laminated greenish clay - - 1 

* Geology of Bacton, p. 56. 

f Quart. Journ, Geol. Soc, vol. xxvii., p. 465. (1871.) 
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About a quarter of a mile south-east of Walcot Gap, fresh- 
water clays reappear, apparently forming the north-westerly por- 
tion of the deposit which extends to beyond Ostend Gap, filling 
an eroded hollow in the lower strata. Near the commencement 
the section was as follows : — 

Feet. 

Blown sand ....... 2 

Soil ........ 3i 

1st Till - Hard stony loam .... 8 

Ut)Der Fresh. \ ^^^^ loam mixed with sand and a little 

i T> J " { gravel - - . - - 2 

water aea. ^ -^^^^ bedded blue clay, full of GyeUs comoa 2 

P (Strata hidden by beach) . - - 6 

Forest bed f Clay-pebbles, coarse red sand, carbonaceous 
(estuarine). | clay, small gravel, and a little lignite and 

The base of the Boulder Clay being here very low, and the 
beach high, no Pre-glacial beds can be seen, except after severe 
gales ; in fact, one may often walk from Bacton to Eccles 
without being able to find a trace of any beds older than the 
Till. A few yards from the spot where the last-mentioned 
section was measured, Arctic plants (Salix polaris and Betula 
nana) were found immediately beneath the Till ; so it is possible 
that the bedded clays may really belong to the higher division 
and not to the Forest-bed Series. The sections have of late years 
been too obscure to allow this question to be settled. 

At Ostend the Freshwater Bed appears at the foot of the beach, 
where it was discovered by Green in 1841, but the section is 
now so altered that the very fossiliferous deposit he found is 
either entirely swept away or constantly hidden by the beach. 
There is now to be seen hard thick-bedded freshwater loam, 
which appears to lie in a hollow excavated in alternating beds of 
laminated clay and lignite. In this lacustrine deposit no mam- 
malian remains could be found, but teeth and scales of fish, and 
fruit or seeds of Trapa natans, Geratophyllvmh demersum, Hip- 
puris vulgaris, Pinus sylvestris, Pinus abies, &c. occur. Green 
obtained an important series of fossils from this place, including 
bones of deer, mole, shrews, and the Kussian desman {Myogale 
moschata). 

This freshwater deposit can be traced nearly continuously for 
a quarter of a mile south-east of Qstend", gradually rising and 
allowing the underlying beds to be seen. Where good exposures 
can be examined, roots penetrate the weathered surface of the 
estuarine beds. South-east of Bacton the middle division of the 
Forest-bed appears to have become more fluviatile, and conse- 
quently it is difficult to separate it from the Upper Freshwater 
Bed unless the intervening weathered land-surface happens to 
be exposed. 

About 650 yards south-east of Ostend Gap, at half-tide, there 
is seen lignite, with seeds of yew, and abundance of fir-cones, 
restino- on loam penetrated by small roots. 
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Foi' about 100 yards further an important section is only un- 
covered after exceptionally severe north-westerly gales. Imme- 
diately under the base of the Boulder Clay, which lies several feet 
below high-water mark, greenish sandy clay, in places laminated 
in the upper part, alternates with beds of lignite full of fir- 
cones and seeds. At one spot several trunks of fir were observed 
to lie close together and in the same direction, four of them 
being upwards of nine feet in length with neither end visible; a 
few yards away there were two more trunks crossing one another. 
Unfortunately on account of the water it was impossible to 
ascertain whether these trunks were overthrown in place or 
formed a pine raft ; — they rested on a carbonaceous sandy and 
stony clay, probably a continuation of the soil already mentioned. 
The trunks were of moderate size, originally not exceeding a foot 
in diameter, but now compressed to about two or three inches ; the 
bark did not appear to be exceptionally thick. Cones of Scotch 
and spruce fir were abundant, one of the latter having been 
gnawed by a squirrel: Other seeds wei-e common, inpluding 
yew, sloe, and probably the yellow water-lily. 

Just south of the highest part of the cliff at Happisburgh the 
base of the Till again rises a few feet above the beach, so that 
due north of the church another patch of the Freshwater Bed is 
seen, consisting of lignite with many fir-cones and seeds, resting 
on hard weathered green stony loam penetrated by roots. At 
this place there was imbedded the stump of a small tree with 
the roots penetrating the soil, — the only instance of a tree in its 
natural position that has been observed. The soil corresponds 
exactly in character with recent soils of the same neighbourhood, 
except that is harder, The stones in it are all weathered ; the 
bedding is obliterated, and so are all calcareous fossils, with the 
exception of a single much -decayed fi-agment of mammalian 
bone. Blue concretions of phosphate of iron occur here and at 
Ostend. The greatest thickness of the Freshwater Bed in this 
patch does not exceed three feet, and it soon either thins out or 
entirely changes. 

From this point to Happisbui-gh Gangway we have the usual 
continual changes and false-bedding of the middle division of the 
Forest-bed. 

It was probably from the two freshwater deposits just de- 
scribed, that the Rev. S. W, King obtained most of the plants 
determined by Professor Heer ;* but as the Post-glacial Alluvium 
south-east of Happisburgh has till lately been confounded with the 
Forest-bed, it has been thought safer (in the absence of informa- 
tion as to the exact localities where the specimens were found) 
to omit from the lists one or two species for which we have no 
corroborative evidence. 

For 200 yards south-east of the Gangway, the Forest-bed is 
ti'aceable at the base of the cliff, and consists of laminated clay, sand, 
and clay-pebbles,- with drifted wood and tree-stumps. About 

* See Lyell's Antiquity of Man, 4th ed., p. 2.^6. 
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350 yards farther, it is seen at the foot of the beach, and can be 
followed to within a quarter of a mile of the Low Lighthouse ; 
but its lithological character is peculiar, and does not clearly in- 
dicate to which division the strata here exposed belong. The 
deposit consists of carbonaceous silt, full of small pieces of wood, 
and occasional fir-cones, passing laterally into hard blue-black 
carbonaceous clay with earthy ferruginous concretions containing 
scattered twigs. 

This is the last exposure of the Forest-bed visible north of 
Yarmouth, for a few yards further the base of the Boulder Clay 
sinks below low-water mark. The Forest-bed mentioned by 
several authors as occurring at Eccles and Palling is undoubtedly 
a recent deposit, for it can be seen to rest on Boulder Clay. 

Though so little of the Forest-bed lies above the sea-level south 
of Happisburgh, there is evidently a considerable thickness below ; 
for after the storm of January 30th, 1877, large slabs of fresh- 
water clay-ironstone, and pan were thrown up on the beach at 
Happisburgh and Eccles. These slabs were full of impressions 
of leaves of oak, elm, beech, birch, and willow ; they contained 
seeds of the bog-bean, and casts of Uiiio pictorwm, Pisidium, 
Paludina, Limncea, and a species of fish, probably the roach. 
Fragments of this fossiliferous ironstone, which appears to 
represent the Lower Freshwater Bed, occur in the estuarine 
gravels of the Forest-bed. 

As, from the size and angularity of the slabs, the ironstone 
was evidently in place under the sea at Happisburgh, it was 
dragged for from a boat during the progress of the Geological 
Survey. At half-a-mile north-north-east of the Low Light- 
house we found a rocky bottom at 10 fathoms ; and as the boat 
drifted further out the lead . swung off" what appeared to be a 
submarine cliff", and dropped into 15^ fathoms, the arming 
showing sand with black specks in this hollow. We then tried 
to detach slabs of the rock with grapphng irons, but after twice 
o-etting them fixed we had to abandon the attempt. The teeth 
of the irons were bent by the strain, and had evidently played 
against a fine-grained tough ferruginous rock, like the slabs 
found on the beach. Six weeks later another attempt was made 
to examine this ironstone, but where previously there had been 
a depth of 10 or 15 fatlioms, there was now only at most 6i. The 
presence of sandbanks near the shore causes the tide to fiow 
in regular channels, which, during gales, are scoured to a great 
depth, only to be again filled up. In this way submarine denu- 
dation perhaps proceeds at depths considerably greater than in 
the open sea. 

There is no evidence as to the full thickness of the Forest-bed at 
Happisburgh, but it seems to extend from high-water to at least 
10 fathoms below low-water (including the ironstone), which 
would make it over 70 feet. From the occurrence of the sub- 
marine cliff mentioned above, it is clear that the ironstone rests 
not on Chalk but on soft beds, which descend to at least 
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154 fatlioms. These beds may be Eocene, but if belonging to 
Crag, they raise the total thickness of tlie Pliocene Beds at this 
point to over 100 feet. 

About three-quarters of a mile from the shore, opposite Hap- 
pisburgh, large quantities of bones and teeth of elephant, &c. 
have beten obtained by the oyster dredgers. The oysters are now 
all destroyed, and dredging is stopped, but fossils were already 
getting scarce. The Rev. J. Layton, who was living at Cat- 
field when the oyster-bank was discovered, made a large 
collection of the fossil bones.* Samuel Woodward, writing in 
183.3, observes that "The oyster-bed off Hasbro' was dis- 
covered in the year 1820, and during the first 12 months many 
hundred specimens of the molar teeth of the elephant were 
destroyed by the fishermen, who amused themselves by breaking 
them, their wonder being excited by the grinders separating into 
laminBe."t The Forest-bed specimens dredged from the Happis- 
burgh oyster-ground must not be confounded witli the Pleisto- 
cene mammalia obtained abundantly by trawlers on the Dogger 
Bank. As the Yarmouth trawlers pass Happisburgh on the way 
to the Bank, and also trawl in that neighbourhood, some of the 
dredged fossils in collections have probably been put down to 
the wrong locality, f 

From Happisburgh to Hopton, north of Lowestoft, there is a 
stretch of 22 miles of low coast, along which no Pliocene strata 
are visible ; but where the Forest-bed reappears its lithological 
character is scarcely altered, Near Hopton, about 440 yards 
south of League Hole and under the highest part of the outlier 
of Chalky Boulder Clay, Mr. Blake has observed the first section 
of the Forest-bed, and from this point to Corton Gap the deposits 
have been followed almost continuously. 

In the cliffs near Corton it is doubtful to what extent the 
threefold division of the Forest-bed series recognised near 
Cromer will hold good, for both above and below the land sur- 
face there are found lacustrine and fluviatile deposits, without, 
as far as is yet known, any trace of marine or estuarine fossils, 
except a single cetacean vertebra. The following description of 
the strata is taken from the notes and section§ made by Mr. 
Blake; supplemented by trial- borings put down in 1886; and 
notes made during the visit of the members of the International 
Geological Congress in 1888. || -ut 

Pliocene strata can be traced in Corton cliffs for about three- 
quarters of a mile. The upper portion — only preserved where 
the base of the Lower Boulder Clay rises a considerable height 
above the beach — consists of pebbly quartzose sand,- with lami- 
nated grey and brown clay. No fossils have yet been observed 

* Layton, Account of the Fossil Eemains in the Neighbourhood of Hashorough, 
JUdin. Joum. of Sci.,\ol.vi., -p. 199. (1827). 
f S. Woodward, Geology of Norfolk, p. 23. 

J See papers by W. Davies, Geol. Mag., vol. v., pp. 97, 443. (18G8.) 
§ Horizontal Sections, Sheet 128. {Oeological Survey.^ 
II 2'rans. Norf. Nat. Soc, vol. iv. p. 606. (1889.) 
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in these strata, and it is still somewhat uncertain to which horizon 
they may belong. They may form part of the Forest-bed series, 
or of the Leda-myalis Bed, or may be considerably newer. 

Beneath these pebbly sands there is sometimes a thin layer of 
much compressed lignite, resting directly on the old land- 
surface or " Rootlet-bed," and apparently intimately connected 
with it. Then comes the Rootlet-bed, which "consists of a 
greenish and dark bluish-grey unstratified clay, with occasional 
white calcareous concretions (" race ") and ferruginous sandy con- 
cretions, and it contains mammalian remains . . , Thousands 
of rootlets may be seen here, at times, penetrating the bed 
vertically as they grew .... They vary from about J inch 
to 1^ inch in thickness at the surface and gradually taper away 
to nothing, as at Kessingland and Pakefield ; all are more or less 
crumpled, similar in appearance, and only occasionally forked."* 
The roots are similar to those of pine, but those which I 
examined were not sufficiently well preserved definitely to show 
coniferous structure under the microscope, and all we can say 
is that they belong to some exogenous tree. 

The strata below the Rootlet-bed are very seldom exposed, 
but in one spot Mr. Blake observed about three feet of stratified 
grey and brown clay and brown sand, and in three of the 
borings made by the Geological Survey gravels with quartzite 
pebbles were met with — as was the case near Happisburgh, 
The gravel was so loose and full of water that none of the 
borings at Gorton could be carried to its base ; the thickness of 
the Forest-bed series, and the nature of the underlying deposits 
are therefore still unknown. 

At the point where the Pliocene strata first rise above the 
beach, and for 200 yards further south, the clayey Rootlet- 
bed is immediately overlain by Boulder Glay. This absence 
of any pervious beds has led to the preservation of calcareous 
fossils, so that here, and here only on this part of the coast, 
are moUusca found in the Rootlet-bed. By far the commonest 
species is Helix hispida, but Mr. Blake also records Bythinia 
tentaculata, Limncea stagnalis, Planorbis corneus, P. spirorbis, 
Suocinea putris, Valvata piscinalis, and a Unio or Anodon. 
Mammalian bones also occur in the deposit. 

A trial-boring further south, about midway between the two 
outliers of Chalky Boulder Clay, was interesting as showing the 
character of the Rootlet-bed at a spot where all shells have dis- 
appeared. This boring also proved the nature of the underlying 
deposit, which there is little doubt should also be referred to 
the Forest-bed series : — 

Feet. 
'Peaty layer -with lignite - - - i 

Unctno-as blue-grey clay (Eootlet-bed) - 3f 

Whitish, hard marl or olay, with a few small 

stones ..... J 

Ferruginous gravel with quartz and quartz- 

ite Si 



Forest-bed 
Series. 



•< 



* J. H. Blake, Geology of Yarmouth aud Lowestoft. {Memoirs of the Geological 
Survey'), p. 20. 
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A short distance further south, and not far from the road to 
Gorton Church, a block of the Eootlet-bed and of the overlying 
peaty seam, was taken by me for minute examination, from 
one of a series of sections which, through the liberality of 
Mr. Colman, had been opened up for the inspection of the 
members of the International Geological Congress * 

The thin bed of lignite seemed so distinct from the underlying 
clay, that it was carefully detached and treated separately. 
When washed and examined, the residue proved, however, to 
be nothing Jaut a deposit of twigs, seeds, and miscellaneous 
floating scraps, such as marks the high-water level of a flood at 
the present day. The most common seeds were those of Alder 
and Hornweed ; but as all the species occur still more abun- 
dantly in the bed below, it is unnecessary to give a separate list. 

The underlying carbonaceous clay is snuff-coloured when dry, 
and splits readily into thin laminse, but does not fall to pieces in 
water. The surface of the flakes was carefully examined for 
leaves, with the result that portions of the stem and leafy bracts 
of the cotton grass were found plentifully ; but there was nothing 
else, except a single fragment of a dicotyledonous leaf, probably 
already skeletonised when it was imbedded, Scales of two or 
three species of fish were also noticed. The next process was to 
boil down the fragments of clay till the matrix could be washed 
away, leaving only twigs and seeds, for not a single stone was met 
with. , 

Unlike most of the deposits near Cromer which I have ex- 
amined for seeds, the Corton beds seem to have been deposited as 
flood -loam, and not as true lacustrine clays. Aquatic plants are 
coiTiparatively scarce, the common species being such as we should 
find on an alder swamp, or " carr " as it is called in the east of 
England. The alder itself is abundantly represented by cones 
and seeds ; other trees are only recognisable in the driftwood. 
Cotton grass and a species of buttercup come next in abundance. 
Then follow the hornweed, several sedges, pond-weeds, bur-reed 
and Atrpilex. 

The seeds are much compressed, more so than is usually the 
case near Cromer. But this, and the greater amount of decay 
they have undergone, may be the result of longer exposure to the 
weather in pre-glacial times. A seed sinking at once to the 
bottom of a lake suffers less than one exposed for a time to 
alternate flood and drought. It is also probable that many of 
the seeds from Corton had germinated, but their state of preser- 
vation is not such as to allow this question to be decided. 

About a hundred yards south of the road to the Church, the 
Lower Boulder Clay descends, cutting through the pebbly sand, 
and resting directly on the Rootlet-bed, as was the case near 
Hopton. A. few yards further, its base sinks still lower, so that 
no Pliocene beds can be seen in the cliff", though a boring imme- 
diately north of Corton Gap showed that there the Boulder Clay 

* See Trans. Nor/. Nat. Soc, vol. iv., p. 606. (1889.) 
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has cut out the Rootlet-bed also, and rests on the gravels. The 
section obtained in this boring, which commenced about three feet 
above high-water level, and two feet below the top of the Boulder 
Clay was : — 

Feet. 
Lower Boulder f Brown loam with fragments of shells - 4J 

Olav 1 ■^^'^^ °^^^ *^^ white specks (of flint p) - 1 

^' L Brown sandy loam - - - - IJ 

Forest-bed fGrravelly quartz sand and gravel, full of 
Series. \ water - - - . - 4J 

Then the Pliocene strata are lost for about four miles and do 
not reappear till we have passed Pakefleld. 

The first section seen at Pakefield is exactly opposite the end 
of the Grand Avenue, where six inches of gravelly pan were 
seen on the foreshore, at the level of high-water. Beneath this 
lie laminated clays and sand to the depth of twelve feet, as proved 
by boring. The pan may be either the base of the Forest-bed, 
or may belong to the higher "pebbly beds," which directly overlie 
the Chillesford Clay in the cliffs a short distance further south. 
Fossiliferous strata undoubtedly belonging to the Forest-bed series 
do not appear till we have passed Pakefield Lighthouse Gap, 
though both the Chillesford Clay and the pebblj' gravels can be 
traced continuously for three and a half miles north of that point. 

About fifty yards south of the Lighthouse Gap an eroded 
hollow in the ChiUesford Clay (shown in Mr. Blake's section*) 
is occupied by loam, sand, and gravel full of quartz and 
quartzite pebbles. This deposit, which extends for about 430 
yards, Mr. Blake refers to the Lower Boulder Clay ; but from 
its position, the composition of the gravels, and the absence of 
Boulder Clay stones, I think it is more probably a weathered 
representative of a portion of the Forest-bed like- that next to be 
described. 

At two hundred yards south of the Gap another eroded hollow 
commences, and the deposits filling it seem undoubtedly to 
belong to the Forest-bed series, for they contain throughout the 
characteristic fossils. This hollow extends nearly as far as 
Kessingland, and the reading which most simply explains the 
variation in the deposits filling it, is that here we find another 
of the eroded channels so characteristic of the Forest-bed. As 
the channel became disused and silted up there were deposited, 
first the river gravels and alluvial clays with drifted bones ; and 
then, only in the last part of the channel to be occupied, peaty 
mud full of leaves, twigs, and seeds, such as would settle in any 
stagnant backwater. Thus for over half-a-mUe south of the 
parish boundary only gravelly deposits occur, capped by alluvial 
clay, which is weathered in its upper part and penetrated by 
roots. At the northern side of the valley the remains of the 
last trench occupied by the river may be observed. This was 
bounded on its southern side by an old allmdal flat, covered by 

* Horizontal Sections, Sheet 128. (_ Geological Survey.) 
E 30798. M 
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trees of which portions of the roots remain ; but to the north 
the river was cutting into a bank of Chillesford Clay. Thus the 
bank is much steeper on that side, and there is no Rootlet-bed 
there. 

The relation of these -deposits to the Chillesford Clay, is, how- 
ever, disputed. Mr. Blake considers that the laminated clays 
immediately above the gravel pass laterally into the Chillesford 
Clay ; thus making the gravel, with its Forest-bed fauna, older 
than the Chillesford Clay, and equivalent to the Norwich Crag.* 
This view is difPcult to accept, for in 1886, with an exceptionally 
clear exposure of the northern end of the hollow, a thin seam of 
pebbles was traced, cutting obliquely across the Chillesford Clay, 
and separating the two somewhat similar deposits. Then by 
boring it was found that the channel was somewhat deeper than 
had been thought, and cuts entirely through the Chillesford Clay. 
Thus in places the mammaliferous gravel seems to rest imme- 
diately on shelly Crag. 

As the sections at Pakefield and Kessingland are fully described 
in Mr. Blake's Memoir, it will only be necessary here to allude 
to some of the more interesting points. The conspicuous channel 
filled with black peaty loam yields few or no mammals, the only 
trace of vertebrates commonly found being fish-scales. For plants " 
this is one of the best localities. The first sample washed and 
examined, in 1885, was a lump of material weighing about five 
pounds. This was obtained near the base of the deposit, on the 
northern side of the channel. It was full of decayed oak-leaves, 
and yielded 25 species of seeds and fruits. Since that time 
Messrs. R. E. Leach and T. P. Angell have sent me aU the 
specimens obtained by them in the same deposit, with the result 
that the list now contains about 37 species. Of these 8 are 
forest-trees. The rest are all aquatic or marsh plants, with the 
exception of a single winged seed of a Composite, and' a wood- 
land Spurge. The only species yet determined which is not 
living in the neighbouring parts of Norfolk at the present day, is 
the Water Chestnut. There are two or three peculiar fruits 
which seem also to be locally extinct, but these so far have not 
been identified. They, however, like the Trapa natans, are 
characteristic of the Forest-bed, and help to prove the accuracy 
of the correlation of the difierent isolated exposures. The forest 
trees are particularly important, for they include three that do 
not now range much north of Norfolk. These are the Lesser 
Maple, the Cornel, and the Hornbeam. The Pine and Spruce are 
missing at this locality. 

Below the southern margin of this hollow, and underlying the 
Rootlet-bed also, there is ferruginous gfavel containing Unio with 

* See Presid. Address On the Age and Kelation of the so-called " Forest bed " of 
the Norfolk and Suffolk Coast. — Proc. Norwich GeoZ. 5oc., pp. 137-160. (1881.) 
Also Horizontal Sections, Sheet 128, and Explanation, 8to. {Geological Survei/)-, 
and Geology of the Country near Yarmouth and Lowestoft. {Memoirs of the 
Geological Survey.) 
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the valves united— as in the " Unio-bed " at Sidestrand. This 
gravel is seldom laid bare, as it lies beneath the beach level. 
Ninety yards south of this point, shelly Crag directly underlies 
the mammaliferous clays of the Rootlet-bed, rising apparently to 
about half-tide level. Eighty yards further, carbonaceous gravel 
again descends to low-water and has here yielded a good many 
bones. 

For some distance south the section calls for no remark, the 
Rootiet-bed being of the ordinary character, and containing 
scattered bones throughout. About a quarter of a mile north 
of the old Coast Guard Station, six to twelve inches of peat with 
seeds overlie the Rootlet-bed. Then the Forest-bed soon rises 
and tends to thin out, so that the Chillesford Clay reappears 
above the beach. About 80 yards from the flagstaff at Kes- 
singland Mr. Blake found a hollow full of black silt, occupy- 
ing the lower-part of the Rootlet-bed. From it he obtained wood, 
seeds, fish-bones, scales of Perch, and bones and teeth of the 
characteristic Upper Pliocene vole, Arvicolaintermedius. (Fig. 42.) 

Fig. 42. 

Arvicola intermedins, Newt, [lower jaw, broken to show the 

fanged teeth). 

Twice natural size. 




This is the most southerly point at which the Forest-bed has 
yielded fossils. The weathered soil can be traced as far as the 
end of the cliflT; though this part of the section is usually 
obscured by sand dunes, and has not produced fossils. 

Where the cliffs recommence, at Covehithe, the Forest-bed has 
disappeared, and pebbly sands rest directly on the Chillesford 
Clay. There may possibly be a trace of the old land-surface, for 
the upper part of the clay is penetrated by roots. The.se, however, 
are considered by Mr. Whitaker to belong to recent plants. 
The only other deposit that is at all likely to represent the 
Forest-bed, is the clay with lignite, above the Crag in the cliff 
at Walton Naze (see p. 83). This deposit is usually referred to 
the Chillesford Clay, and in the absence of fossils nothing more 
can be said about it. 

• 

On attempting to compare the fossils of the Cromer Forest-bed 
with those of the underlying Crag, we meet with considerable 
difficulty. In the one ease we are dealing mainly with a land 
fauna and flora ; in the other, with little but marine moUusca. 
This has often led geologists to think that a considerable break 

M 2 
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occurs between these divisions, for at fii-st sight the species living 
during the two periods seem to have been quite different. They 
also point to somewhat different climatic conditions. The Forest- 
bed has sometimes, for this reason, been separated from the rest 
of the Pliocene strata, and has been called Older Pleistocene. It, 
however, yields a very different fauna from that of the true 
Pleistocene deposits with which it is thus correlated. 

When examined more closely, and with the advantage of the 
greater amount of positive evidence now available, the Norwich 
Crag and the Forest-bed are found to be intimately allied. 
They are so closely connected, that they can only be separated 
as slightly different horizons in the same period. The real 
break, if a line must be drawn, is above the Forest-bed not below 
it. 

Let us examine first the marine mollusca — always taken as 
the test to decide questions of this sort. These, unfortunately, 
are very poorly represented in the Forest-bed. There are only 
19 species yet known ; of which several may be derived from 
the Weybourn Crag. Thej'' are all common Weybourn Crag 
shells, and include several extinct forms, sach as Mel,ampus pyra- 
midalis, Tellina oUiqua, and JVucula Gohboldim. As far as 
they go, they tend to show that there has been no change in the 
raolluscan fauna. There are several arctic species among them ; 
indicating that the temperature of the sea was also little 
altered. 

The other marine fossils of the Forest-bed are the Cetacea and 
the Seals. These also point to boreal conditions ; but so little 
is yet known of the species belonging to the Weybourn Crag 
and to the Ohillesford Clay, that no comparison is possible. 
Mr. Newton has now determined nine species from the Forest- 
bed. Of these one —a walrus {Trichechus Huxleyi) — is a 
characteristic Crag form ; the others are still living. The next 
Cetacean fauna below the Forest-bed lies at the base of the Red 
Crag, in the Nodule Bed. 

Among the few marine fish yet known from the Forest-bed 
the characteristic Upper Pliocene Platax Woodipardi is the 
most abundant. It is more plentiful on this horizon than any- 
where else. The tunny (Thynnus thynnus), recently discovered 
in the Forest-bed, is a fish belonging to warmer seas than ours. 
Probably the single vertebra found belonged to a stray indi- 
vidual, like those that visit our coast at short intervals, and stray 
even as far north as Shetland. This completes the marine fauna 
of the Forest-bed. It is evident that a close connexion exists 
between this horizon and the Wey Bourn Cra,g; but until we 
have considerably larger lists of fossils, it will be impossible to 
say whether the deposits are nearly continuous, or whether there 
is a slight gap between. 

Turning next to the inhabitants of the land, and of the lakes 
and rivers, we find plenty of material for an analysis of ' the 
Forest-bed fauna and flora, but little for comparison with the 
older strata. Freshwater strata are unknown in the rest of oxir 
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Pliocene series, and land and freshwater animals only occur as 
accidental introductions. 

Among the large mammals the most abundant and conspicuous 
are the elepliants, of which the Foresfc-bed contains three species. 
Those commonly met with are Elephas meridionalis (Fig. 43) 
and E. antiquus, though several teeth have now been found 

Fig. 43. 

Elephas meridiorwlis, Nesti (wpper molar, from a sped/men 
found at Dewlish). 

(See Quart. Journ, Geol. Soc, vol. xliv., p. 823.) 



Grinding surface. 
5 natural size. 



Side view. 
h natural size. 





Fig. 44. 

Eqiius 8tenonis, Cocchi. 

Half natural size. 



of a very distinct form, perhaps referable to E, primigenms. 
The Mastodon, the common proboscidian in the Norwich 
Crag and strata below, has entirely disappeared, not a single 
specimen having yet occurred among the many hundred teeth 
of elephant which have been obtained from the Forest-bed. 
Hippopotamus and Rhinoceros etrtisous are fairly abundant, and 
there seems also to be a second species of rhinoceros. Two 
horses, one of which is extinct (Fig, 46), the bison and boar, an 
extinct species of mouflon (Caprovis 
Savinii), and deer in seemingly end- 
less variety complete the list of the 
ungulata. The carnivora are imper- 
fectly known, they include two bears, 
MachaerodvyS, the spotted hyaena, 
wolf, fox, glutton, otter, and marten. 
Of rodents there is the beaver, and 
an extinct ally, the Trogqntherium. 
There are also several voles and a 
field mouse. The presence of the 
squirrel seems to be indicated by 

gnawed fir-cones. The insectivora are represented by the mole, 
two shrews, and the Russian desman {Myogale moschata). The 
associated birds, reptiles, amphibia, and freshwater fishes are, as 
far as is yet known, all living British species. 

Mr. E. T. Newton has drawn up the following table for the 
comparison of the land mammals of the Forest-bed with those 
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of the older and newer deposits ; but any definite conclusions 
are at present rendered somewhat unsafe, through the deficiency 
of our knowledge of the contemporaneous mammals of the 
various parts of the Crag. 

Distribution of the Land Mammals. 





Total Species. 


Living. 


Extinct. 


Nodule Bed - 
Norwich Crag - : 
Forest-bed 
*Pleistocene ... 
Living British (exclusive of Bats) 


28 
13 

45 
49 
29 


3 

1{?) 
24 
41 
29 


25 

12 

21 

8 



At first it does not seem clear why the Glacial Epoch should 
have exterminated so many large mammals and left the smaller 
species ; but a more minute examination of the fauna shows that 
most of the forms which did not survive till Pleistocene times 
were highly specialized herbivora which would die out through 
the gradual change in the vegetation as the climate became colder. 
The surviving forms, on the other hand, are principally the 
omnivorous voles, mice, and shrews, and the carnivora. All 
theSe can accommodate themselves without difficulty to a change 
of diet, and would probably be able to exist through the Glacial 
Epoch north of the Alps, or at least to pass that barrier, and 
return when the climate ameliorated. 

The occurrence of the glutton, now an exclusively northern 
species, might be thought to imply greater cold during the for- 
mation of the Forest-bed than is now felt in Norfolk ; but the 
great climatic range of many living carnivora, which seem limited 
more by want of food, competition, or human agency than by 
temperature, renders the occurrence of a species now confined to 
northern latitudes of very little value in evidence, when counter- 
balanced by the numerous ungulata. One ungulate only, the 
musk ox, has at the present day an exclusively northern habitat. 

In analyzing the mammalian fauna of the Forest-bed, the first 
thing that strikes one is the marked contrast, long since pointed 
out by Lyell, between the familiar character of the plante, most 
of which are now living in Norfolk, and the strange appearance 
of the mammals. We can point to no part of the world where 
a similar assemblage is now living ; for though South Africa 
shows an equally varied fauna of large species, the deer of the 
Forest-bed (Figs. 45, 46) are there replaced by antelopes. Of 
30 large land mammals found in the Forest-bed, only three are 
now living in Britain, or have been living there within the 
historic period, and only six still exist in any part of the world. 
The small inconspicuous mammals, which are also the lowest 



* On the authority of Prof. Boyd Da-wkins, Quart. Journ. Geol. Soc, vol. xxxv., 
p. 39.5. (1880.) 
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types, are mostly recent forms ; but as the smaller species are 
almost uaknown from the strata beneath the Forest-bed, any 



Pig. 45. 
Cervus verticornis, Dawk. 



Fig. 46. 
Cervus Sedgwickii, Falc. 

/I 




comparison between the deposits must deal exclusively with the 
larger species. The large mammals are fairly well known from 
each horizon. 

The land and freshwater mollusca of the Forest-bed number 
58 species. Five of these are extinct, and five others do not 
now live in Britain.* (See PI. V.) The proportion of extinct 
forms is nearly identical with that found among the marine 
mollusca of the Weybourn Crag. It is commonly stated that 
the rate of change is much slower among the freshwater mollusca 
than among the marine forms. There is, however, no indication 
of this slowness in the Forest-bed, or in any other Tertiary 
deposit that I have examined. What we generally find is that 
among the freshwater mollusca a few large genera have a 
wide range in time, but their specific forms vary as quickly as 
among the marine mollusca. Among the freshwater, species two 
or three help to connect the Forest-bed with 'the Pliocene strata 
of the continent. Thus we find a slug, Limax modioliformis, 
closely allied to a species from the Val d'Arno (Sansania 
Bourguignati, De Stefani), perhaps identical with ifc. Nematura 
runtoniana is also more like certain forms from the Val d'Arno 
than to anything else. The continental species have all a 
southern range. 

In the Weybourn Crag only 10 species of land and freshwater 
mollusca have been found. Of these two are extinct and two 

* If we accept Prof. Sandberger's detenninations there are several more extinct 
forms in the Forest-bed, and the proportion is much greater than among the marine 
mollusca. 
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others no longer inhabit Britain. This is too small a number for 
comparison, but it is noticeable that with one exception all the 
species occur also in the Forest-bed. The one exception is 
Lithoglyphus fuscus, a river shell now confined to the Danube, 
and unknown recent or fossil in Northern Europe, except at one 
locality in the Weybourn Orag, and one near Berlin. 

The Norwich Crag has yielded 26 species of land and fresh- 
water shells. All of these, with the exception of two recent 
forms of Li/mncBa and one of Pupa, are also found in the 
Forestrbed. .There are only two extinct species in the list, and 
one other locally extinct. It is thus evident that, in the present 
state of our knowledge, the proportion of extinct land and fresh- 
water mollusca is identical with that foimd in the Forest-bed. 

In the upper Red Crag the land and freshwater moUuscan 
fauna still remains the same as in the higher strata. Of 17 
species known, two are extinct, and three have disappeared 
from Britain. Two of the latter are, according to Wood, arctic 
species of Limnaia* the other is Corbioula Jiuminalis. The 
Walton Crag seems to indicate a complete change in the climatic 
conditions, for of the 4 species of Helix known (there are no 
freshwater shells) three are southern and the other is extinct. 
It therefore appears that we have one set of land and freshwater 
mollusca ranging throughout the upper Crag and Forest-bed of 
Norfolk, and that the proportion of extict forms is about the 
same in each division. 

It is instructive to compare the entire fauna of the Forest- 
bed with the recent fauna of Britain, classed according to the" 
conditions under which the species live. This mode of analysis 
brings out the fact that while of the Forest-bed ac[uatic and 
marsh-loving forms we have a fair knowledge, of the others, 
except the land-mammals of the plains, at present very little is 
known. For this purpose the following table, which includes 
only the more important classes, has been drawn up. In the 
first column the approximate number of existing British forms, 
with the addition of a few mammals exterminated within the 
historic period, is shown ; in the second is given the total number 
of species known from the Forest-bed : — 

British. Forest-bed. 

Bats . . - - „ 14 



Land mammals - 


- 


- 29 


40 


Amphibious mammals 


(freshwater) 


4 


6 


Marine mammals 


- 


. - 28 


11 


Birds - 


- 


- 354 


7 


Reptiles 




5 


2 


Amphibia 


- 


7 


4 


Freshwater fish. 


- 


- 52 


10 


Marine fish 


- 


- 210 


6 


Land shells 


- 


- 77 


17 


Freshwater shells 


- 


- 48 


41 


Marine shells 


- 


- 465 


19 



* Botlj somewhat doubtful determinations. 
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The land shells of the Forest-bed are exclusively chose found on 
aUuvium or in wet moss. There is not a single representative of 
the numerous species confined to dry or calcareous soils. 

Plants in the British Pliocene deposits are only known from 
the Cromer Forest-bed. As there is also no other Upper Pliocene 
fl.ora of any extent yet discovered in Northern Europe, it is 
impossible to compare the floras of the different horizons. From 
the Forest-bed 56 species of flowering plants have now been 
determined. Two of them— the water chestnut and the spruce 
fir — do not appear to have belonged to our flora since the 
Glacial Epoch ; the others are nearly all still living in Norfolk. 
There is also a considerable number of seeds still undetermined, 
and at least two of these seem to belong to no living British 
plant. 

As evidence ,of the climatic conditions which prevailed during 
this period, the first place must be given to the flora. The 
slow rate of change, which renders plants so untrustworthy in 
settling questions of geological classification, gives them the 
highest value when we inquire into former climatic conditions. 
Plants are also, as a general rule, more directly affected than 
animals by changes of temperature and rainfall. 

The flora contained in the Cromer Forest-bed may be divided 
into two groups : the for est -trees, and the marsh and aquatic 
plants. Of the upland plants, and of the plants of dry or chalky 
soils we at present know absolutely nothing. The forest-trees 
are well represented — in fact they are better known than in any 
of our later deposits. We find the maple, sloe, hawthorn, cornel, 
elm, birch, alder, hornbeam, hazel, oak, beech, willow, yew, pine, 
and spruce. This' is an assemblage that could not well be 
found under conditions diftering greatly from those now existing 
in Norfolk. There is an absence of both Arctic and South 
European plants. The variety of trees shows that the climate 
was mUd and moist. The occurrence of the maple and horn- 
beam show that it can have been little, if at all, colder than 
now. The aquatic plants point to the same conclusion, though 
not so definitely, as the majority of them are widely dispersed. 

Both the fauna and flora, leaving out the large mammals and 
other extinct forms, are curiously similar to those of the "Broad 
District " of Norfolk at the present day ; and this, like the rest 
of the evidence, points to a wide alluvial plain with lakes and 
sluggish streams, bounded on the west by a slightly higher 
sandy country covered with fir-forests and distant from any hills. 
A cai-eful examination of the deposits now forming, and of the 
natural history of the neighbouring country, will, more than 
anything else, assist in the study of these New^er Pliocene strata ; 
for, notwithstanding the great changes which have taken place 
since the Forest-bed was formed, conditions almost exactly- 
similar to those which held during the deposition of the Upper 
Freshwater Bed, reappear at the present day in the Broad 
District. 
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The large number of maramals already known from the 
Forest-bed, seems clearly to point to a connection with the 
continent and to wide plains over which the animals could roam. 
We can hardly suppose that had Britain then been an island, it 
could have supported so Lirge a fauna, including about 15 species 
of deer, three of elephant, and numerous other large forms. At 
present, our acquaintance is principally with the aquatic 
mammals, or with those which inhabited the open plains, the 
Newer Pliocene upland and sylvan forms being still imperfectly 
known. A study of the lists of fossils shows, therefore, that we 
may expect to discover in the Cromer Forest-bed not merely a 
fauna and flora equal to that now living in this country, but one 
as varied in character as that of ceniral Europe, with the addi- 
tion of numerous large mammals which, since the close of the 
Pliocene period, have been exterminated by the. cold of the 
Glacial period or by human agency. 

The freshwater mollusca point even more decidedly than the 
mammals to continental conditions. There are only 48 species 
now living in the whole of Britain ; but we have already dis- 
covered 41 in the Forest-bed within a very limited area. Taking 
into account the . absence in these lacustrine deposits of many 
of the species needing swiftly running water, it seems safe to 
conclude that only about two thirds of the species then inhabiting 
Britain have yet been discovered. This would make the moUuscan 
fauna much larger than it is at present, but the occurrence of a 
considerable number of exotic forms in tlie Forest-bed shows that 
it may well have been so. 

In the last chapter attention was dravsTi to the very arctic 
character of the marine fauna of the Weyboum Crag ; a character 
which, as the late S. V. Wood so ably showed with regard to 
the mollusca, became steadily more and more prominent during 
the whole of the Pliocene Period, from the Coralline Crag 
upwards, through the gradual dying out of the southern forms, 
and multiplication of the northern. But when we turn to the 
land and freshwater mollusca the result does not correspond ; 
for of the 59 species now determined from the Forest-bed, 
48 are at present living in Norfolk, 6 are extinct,* 2 are con- 
tinental forms living in the same latitudes as Norfolk (Hydro- 
bia Steinii, Sweden and near Berlin, and Valvata fiuviatilis, 
Belgium and Germany); and the other 3 are all southern forms 
not now living in northern Europe (Hydrohia Tnarginata, South 
of France,. Lithoglyphus fuscus, Danube, and Gorbicula flv/mi- 
nalis, Nile). There is not a single species having an especially 
northern range. It may be objected that the Forest-bed fauna 
and that of the Weybourn Crag are not exactly contemporaneous, 

* Dr. Sandberger has described six other species as new. These have not 
been included, as they are evidently varieties of living forms. The figures given 
by Dr. Sandberger are not accurate, but good specimens of all the forms will be 
found in the Museum of Practical Geology. See Palaontograpkica, Band vii., 
p. 83. (1880.) 
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and that a change of climate may account for the discrepancy. 
But, in reply to this, it is enough to point out that the most 
typically southern of the freshwater mollusca occur mixed with 
the arctic marine shells in the Weybourn Crag, and that several 
of the arctic marine species occur in the Forest-bed. We may 
therefore fairly conclude that the two faunas lived in adjoining 
districts during the same period. I have laid special stress on 
the comparison of the mollusca, for we have long lists of the 
species inhabiting the land, the sea, and the lakes ; nevertheless, 
as far as known, the same discordance affects other classes. The 
land mammals have a decidedly southern fades, while the 
marine forms seem distinctly northern. The plants of the 
Forest-bed are not arctic. To explain these contradictions, it 
will be necessary to bring forward more evidence as to the 
conditions under which the animals and plants flourished. The 
changes in physical geography since the Pliocene period have a 
very direct bearing on the question. 

The most important feature in the physical geography of the 
period was undoubtedly the large Forest-bed river. If the 
direction of the flow of the river can be traced, we have the key 
by which the general topography of the country can be made out. 
With a view to decide this question, the old river gravels have 
been carefully examined, for they must have been derived from 
the land over which the river flowed. These gravels commonly 
contain fully 40 per cent, of stones other than flint ; and after a 
study of the Glacial gravels and Boulder Clay stones, it is at 
once clear that they must have come from quite different districts. 
The proportions of the different rocks in 500 stones over an inch 
in diameter obtained at Bacton was : — 

Little worn flints - - - - 141 

Pebbles of light-coloured flne-grained quartzite 125 

,, flint - - - - 101 

„ vein quartz - - - 54 

Pebbles of hard sandstone - - - 6 

fine-grained grit - 5 

Angular Greensand chert - - 4 

green or bluish slaty rock 3 

Olay-ironstone (very variable) - 61 

Various other rocks have been obtained in smaller numbers ; 

and in the following list an attempt has been made to show the 

probable age of the deposits from which the whole have been 

derived : — 

Clay -ironstone with plant remains.! Lg^gj, Presh- 
Cakes of peat, often bored by V ^^^^^, g^^ 
Pholas - - -J ^ " 

Jet, amber, and brown coal Upper Eocene ? 

Green-coated flints (common) -1 
Hertfordshire pudding-stone - > Lower Eocene. 

Silicified wood - - - j 
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Unworn Chalk flints - - Upper Chalk. 

Greenish chert - - -\ Greensand or 

Cherty sandstone with fossils -J Neocomian. 
Eubbly limestone with Pecten de-\ Qolite 

missus - - -J 

Well-worn pebbles of white orl 

cream-coloured fine-pained | p^b^^.^eds of 

quartzite, yem-quartz, black or ^ ^.^j^^^wn age. 

purple grit, hard coarse sand- ° 

stone, &c. " - "J 

Angular fragments of a fine-~ 

grained green or bluish slaty 

rock - - . >. CarboniferoTis. 

Carboniferous Limestone chert 
Fragments of Hyalonema 
Felstone. 
Granite. 

In these Pre-glacial beds few igneous rocks occur. With the 
exception of the single large granite boulder already mentioned 
and one of felstone, none were met with. The livei'-coloured 
quartzites so characteristic of the Triassic conglomerates in the 
Midland Counties are also missing ; so that, even if the pebble-bed 
is of Triassic or Permian age, it cannot have been derived from 
those rocks in the Midland Counties. In fact, if the river had 
flowed from the south, west, or northj it must have brought a 
quite different collection of stones. From the north-east it 
would probably flow entirely over Chalk. It therefore seems 
that only from the south-east and east could the stones be 
derived. The evidence appears to point to a river flowing 
(tracing it towards its source) first over the Lower Tertiary basin 
which we know exists east of Yarmouth, then over Chalk, 
Greensand, and Oolite, and a conglomerate perhaps of Cretaceous 
or Neocomian age, which may have overlapped against the Palsso- 
zoic rocks, as beds of that age are known to do near Harwich. 
The Palseozoic rocks probably came to the surface as part of the 
old ridge which Mr. Godwin- Austen has described. From them 
the angular pieces of slate and carboniferous-limestone chert 
may have been derived. 

That the river must have been large is shown by the 
uniformity of the composition of the gravels at considerable 
distances apart ; the gravel of a small stream will generally be 
of local origin. From the size and angularity of many of the 
stones it is evident that they must have been brought down by 
liver-ice. This would not necessarily point to a more arctic 
climate than that of Norfolk at the present day, for during 
severe winters the ice-floes on the Thames are quite capable of 
transporting the largest of the boulders. Prof. Prestwich 
remarks* that on the table-land above the Meuse, in Belgium, 

* Quart. Journ. Geol. Soc, vol. xxvii., p. 477. (1871.) 
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there is a gravel of a very similar character, and suggests that 
the stones may have been brought to Norfolk by some old river 
traversing the Ardennes. The plateau gravels above the Meuse 
are, however, full of veined quartzites of a character unknown in 
the Forest-bed. The Forest-bed river appears certainly to have 
flowed from that direction ; but it seems unnecessary to bring 
the materials such a long distance, though a large stream with 
floating ice could probably do so. The whole of the evidence 
seems to show that in the Forest-bed we are dealing with the 
old alluvial and estuarine deposits of the Rhine — a view held by 
various writers ever since the Forest-bed was first known. 

The changes that took place during the Newer Pliocene period 
may be thus summarized. During the formation of the Coralline 
Crag there was a considerable submergence of the land, and free 
connexion between the German Ocean and more southern seas. 
Afterwards the land rose, and the connexion with all seas, 
except the Arctic, was cut oif.* A further rise caused the 
estuarine and freshwater Forest-bed to spread over the southern 
half of the North Sea. 

If the marine fauna of the different Crags is examined, a 
gradual dying out of southern forms and increase of northern 
may be perceived, till at last in the Chillesford and Weybourn 
Crags the mollusca have a thoroughly arctic facies. This change 
has generally been referred to the greater intensity of the cold ; 
but in working out the physical geography of the Pliocene 
Period, I have been led to agree with Prof. Prestwich, that it 
is not altogether due to general climatic changes. When the 
connexion with southern seas was cut off, the direct cooling 
action of northern currents, without any from the south, must 
have had a considerable effect on the temperature of the water. f 
But probably the change in the fauna was principally due to 
the sea being fully open to the north, so that there was a constant 
supply of arctic species brought by every tide or storm, while 
at the same time the southern forms had to hold their own with- 
out any aid from without ; and if one was exterminated, it could 
not be replaced. In this way, of two species, a southern and a 
northern, equally fitted for any station, the northern would have 
the best chance of surviving, and would probably exterminate 
the southern. The fact that not a single southern species 
appears for the first time in the Fluvio-marine, Chillesford, or 
Weybourn Crags seems clearly to show that they could not 
migrate into the district, owing to some barrier. 

Taking now the land fauna and flora, it is seen that the same 
elevation which would raise a barrier to the migration of marine 
species, would form a highway for the land and freshwater forms, 

* See Godwin-Austen On the Kainozoic Pormations of Belgium, Quart. Joui-n. 
Qeol. Soc, vol. xxii., p. 238, 1866 ; and Prestwich On the Structure of the Crag 
Beds, ibid., toI. xxvii., p. 475 (1871). 

f See Prestwich, op. cit, p. 478. 
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and we can apply to these the same reasoning as is used above^ 
merely changing north for South. The southern species would 
be able, under these circumstances, to spread down the valley of 
the Rhine in a continuous stream. Their march would not be 
checked by the previous occupation of the country by arctic 
forins, for there does not appear to have been any land-connexion 
between Britain and Scandinavia till a later period. The 
southern fauna could thus occupy the whole of those portions of 
Britain where the climate was suitable. The local extermination 
of any species by an exceptionally severe winter would be of 
little consequence, for it could be immediately replaced by other 
individuals, and there were no boreal forms to take possession of 
its district. 

Thus it is that in the Forest-bed we find a distinctly southern 
land fauna contemporaneous with an equally marked arctic 
marine fauna ; the plants at the same time showing that the 
climate was much the same as that of Norfolk at the present 
day, though perhaps more continental, i.e., hotter in summer 
and colder in winter. 
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CHAPTER X. 

DEPOSITS OF DOUBTFUL AGE. 

In the previous Chapters most of the British Pliocene strata 
have been described. There remain, however, a number of 
deposits which undoubtedly belong to some part of the series, 
but have not yet yielded evidence sufficient to fix their exact 
horizon. There are other strata of more doubtful age, though 
probably pre-glacial. We have also still to trace the connection 
between the Pliocene beds and the overlying glacial deposits. 
Owing to the uncertain age of so many of the outliers, the only 
classification that can be adopted in the present Chapter is a 
geographical one. We will commence, as a matter of convenience, 
with the area in which the series appears to be most complete. 

In the last Chapter the Cj-omer Forest-bed, with its prolific 
fauna and flora, was described. It was shown that this deposit 
clearly belongs to the Pliocene period ;. though perhaps to a very 
late stage of it. Above the Forest-bed, but beneath the oldest 
known Glacial deposit, there are sands and gravels, sparingly fossi- 
liferous, and of still unsettled age. These strata between Bacton 
and Sherringham, include two distinct series — a marine bed 
characterized by Leda Tnyalis, and a freshwater or flood deposit 
with Arctic plants. It is only in a few localities that either 
of the horizons is f ossiliferous ; and in the absence of fossils the 
separation of them from each other, and from the underlying 
Forest-bed, is a matter of considerable difficulty. 

The marine deposit overlying the Forest-bed at West Runton 
has been known for many years, but its exact ■ relation to the 
Crag and to the Glacial Beds is still an open question. The 
name " Leda-myalis Clay " was first used, as a local term applied 
to this section, by Prof. W. King in 1863,* and it has since been 
adopted for the horizon between the Upper Freshwater Bed of 
the Forest-bed Series and the Arctic Freshwater Bed. At 
present very little is known about its fauna, for the deposit is 
sparingly fossiliferous ; but the fossils that do occur are generally 
found in colonies in the position of life. It is this stratum that 
has often, though erroneously, been correlated with the Bure 
Valley Beds, and has led some to place the Norwich Crag over 
the Forest-bed. 

The Leda-r)iyalis Bed usually consists of fine false-bedded 
loamy sand with grains of Chalk, thin seams of loam or clay, and 

" Geologist, vol. vi., p. 160. 



192 DEPOSITS OP DOUBTFUL AGE. 

a little gravel. The whole deposit, which nowhere exceeds 20 
feet in thickness, is more constant in lithological character 
than most of the associated beds. 

In the immediate neighbourhood of Weybourn no trace of this 
horizon has yet been found, and the first fossiliferous section 
occurs about 700 yards west of Old Hithe. Here, above the 
shelly Weybourn Crag, may be seen a bed of stiflf blue clay with 
fragments of oysters ; but as there is much talus on each side of 
the section, and a glacial disturbance also affects the beds, it is 
impossible to trace the clay more than a few yards. 

Though unfossiliferous sections under Skelding Hill have been 
doubtfully referred to this horizon, no exposure showing either 
fossils or satisfactory stratigraphical relations, occurs in this 
neighbourhood till we arrive at a point a quarter of a mile west 
of Lower Sherringham, and nearly under the stile at the edge of 
the cliff. Unfortunately at this point there are constant land- 
slips, and all that can definitely be made out is, that, resting 
directly on the Weybourn Crag, and lying in a basin eroded 
through the Forest-bed, there is a mass of sand and small gravel, 
the lower 5 feet of which is full of oysters with the valves united. 
The character of this deposit indicates a depth of water of at least 
5 fathoms, probably of about 10 ; while the underlying Weybourn 
Crag is a shallow -water bed formed at or just below low- water 
mark. This oyster bed thins out rapidly both east and west ; 
for though so thick in the centre, and full of fossils, no shells 
are seen in it 20 yards away in either direction. Owing 
to the mud streams and constant slips, it has not been possible 
properly to examine the section, but it is likely to yield an 
important fauna. The shells are difficult to extract, being 
saturated with water and tender, but when dried they harden, 
and will bear handling. The species obained were : — 

Littorina littorea. Mytilus edulis. 

Natica, sp. xOstrea edulis. 
Purpura lapillus. Tellina balthica. 

Oardium edule. obliqua. 

X Cyprina islandica (young only). x Balanus, sp. 

Those marked x had the valves united. A few yards both to the 
right and to the left the clays of the Forest-bed come on between 
the Weybourn Crag and the Leda-myalis Bed. 

The next fossiliferous exposure is at Beeston, where gravelly 
sand with occasional scattered marine shells, can be seen in vertical 
section definitely between the Upper and the Arctic Fresh- 
water Beds, all the deposits being fossiliferous. The only shells 
that could be found here were Tellina balthica and fragments of 
Cyprina islandica. 

From Beeston to Cromer the stratum appears to be continuous, 
except where cut out by the Boulder Clay, but the only fossili- 
ferous sections are at West Kunton, and between that place and 
Wood Hill. At West Kunton on each si3e of the Gap is found 
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the bed with Mya truncata, so often alluded to by different 
authors, and first mentioned by Trimmer in 1845.* The section 
on the east side of the Gap is : — 

Feet. 
Soil ........ 8 

Contorted Drift - Contorted stony loam, marl, and sand 30 

r Fine false-bedded sand with thin seams 
Leda-myaUs Bed -< of loam, and gravelly base full of 

L shells - - - . - 15 

Upper Freshwater Bed{ ^'■^j^^^^fj^^ «^°'1_ *^^ P«_^*y ^°^^ ' ^''^] ^ 

Forest-bed (estuarine) | Weathered loam with roots and frag. 

*■ ' \ ments of marine shells (Rootlet Bed) P 

The following species of moUusca were found in the Leda- 
myaUs Bed ; but here, as at Sherringham, the exposure has been 
obscure for several years : — 

Buccinnm undatum, Linn. Oardium edule, Linn. 
Littorina littorea, Linn. Cyprina islandica, Linn. 

rudis, Maton. xLeda my alis, Couth. 

Purpura lapillns, Linn. X Mya truncata, Linn. 
Trophon antiquus, Linn. Mytilus edulis, Linn. 

— reversed var. Ostrea edulis, Linn, (fragment). 

Natioa catena P Da Costa. Tellina balthica, Linn. 

X Astarte borealis, Chem. 

The species marked x were found in the position of life with 
the valves united. Trimmer also mentions Tellina obliqua, Mya 
arenaria, and Natica helicoides from this spot. Bfesides these 
marine species, the bed contains a good many freshwater forms, 
evidently washed out of the sands two or three yards away. 

Under Wood Hill a few scattered shells have also been found, 
including a single valve of Tellina obliqua ; though the bed is 
generally from 10 to 15 feet thick, fossils are rare and confined 
to the base. 

To the south-east of Wood HiU, the Leda-myalis Bed can be 
traced as far as Cromer with the same lithological character, but 
no fossils have yet been found in it. During some alterations to 
the cellar of a house on Cromer sea-wall the sands were well 
shown, though neither the top nor bottom was exposed. Be- 
tween Cromer and Kirby Hill, unfossiliferous sections can be 
seen whenever the cliffy is free from talus ; but the bed is 
becoming attenuated, and towards Beck Hithe it appears to thin 
out altogether against the Boulder Clay. 

Though the horizon may be represented by unfossiliferous 
sands in several places, it has not been recognized elsewhere. 
The deposit at Mundesley, formerly correlated with the Leda- 
myalis Bed, is now known to belong to the Forest-bed, and to 
underlie the Upper Freshwater Bed. The overlying sands 
probably form part of the Arctic Freshwater Bed. 

* On the Cliffs of the Northern Drift on the Coast of Norfolk, between Weyboiirne 
and Happisburgh. — Quart. Journ. Geol. Soc, vol. i., p. 218. Proc. Geol. Soc, 
vol. iv. p. 435. 

E 60798. w 
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The evidence on which the different isolated sections have 
been correlated is not satisfactory. Besides the want of 
continuity of the deposits, there is the difficulty, first pointed 
out to me by Prof. Otto Torell, that the bed of oysters at 
Sherringham can scarcely be of the same age as the gravel with 
Leda TnyaUs and Astarte horeaiis at Eunton. The oyster is 
sensitive to cold, and does not now live in the seas that support 
these arctic mollusca. Oysters are, however, abundant in the 
Nar Valley Beds associated with certain arctic species. It is 
possible that the different sections of the Leda-myalis Bed 
are fragments of the marine deposits belonging to a period of 
considerable length, during which the depth of water varied and 
the climate changed. The alternate piling up and scouring 
away of sandbanks would cause sometimes one, sometimes 
another horizon to rest on the Forest-bed — ^just as we have seen 
that different zones of Red Crag may overlap on to the London 
CJay. 

From its unconformity with the underlying and overlying fresh- 
water strata, and from the small fauna yet obtained, it is impossible 
at present to say definitely whether the Leda-myalis Bed is more 
allied to the Crag or to the Glacial deposits. Of the fossils it is 
only safe to take into account those that seem undoubtedly to 
belong to the deposit. The reversed Trophon antiquua and 
Tellina obliqua occur, unfortunately, so rarely, and under such 
circumstances, that there is a suspicion of their being derived 
from the underlying Forest-bed or Weybourn Crag. Only 
about ten species of mollusca are undoubtedly contemporaneous 
with the deposit. One of these, Leda myalis, is an arctic species 
unknown in the Crag.* Another, Ostrea edulis, is not found in 
the "Weybourn and Chillesford Crag, though common lower 
down. 

No additions have been made to the fauna of this deposit for 
several years, but till further evidence is obtained, it seems most 
convenient to include the Leda-myalis Bed in the Pliocene 
Series — as was done in the Cromer Memoir. 

The Axctic Freshwater Bed must certainly be classed with the 
Pleistocene deposits. It is described here, because of the great 
difficulty found in separating it from the Leda-m,yalis Bed, and 
from the Forest-bed, in the absence of fossils. It also helps to 
connect stratigraphically the Pliocene and Pleistocene formations ; 
but its fossUs, so far as known, differ so completely from those of 
the Forest-bed, and are so thoroughly Arctic, that there must 
be a considerable palajontological break between the two horizons. 

During a visit to England in the year 1872, Prof. -A. G. 
Nathorst, of the Geological Survey of Sweden, discovered, 
immediately under the Till at Mundesley, a bed of clay and 

' All the specimens found in the Crag belong to Leda oMongoides of "Wood, not 
to Leda myalis. The latter seems to be unknown on this side of the Atlantic, 
except in the Leda-myalis Bed. 
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"loam containing Hypnwm turgesoens and leaves of SaUx 
polaria. * No further account of this stratum appears to have been 
published till 1880, when, in a short paper in the Geological 
Magazine,t I showed that it is separated from the Forest-bed by 
the marine Leda-myalis Bed, and placed it, on account of the 
very arctic character of the climate it showed, at the base of the 
Pleistocene Deposits under the name " Arctic Freshwater Bed." 

During the progress of the Geological' Survey, the Arctic 
Freshwater Bed was discovered at two- new localities about 
14 miles apart, — at Beeston, and at Ostend, near Bacton. From 
the uniform character of the deposit, and from the way it appears 
to be cut out by the Boulder Clay, there is very little doubt 
that the three known exposures represent isolated patches of a 
once continuous and important deposit. 

No sections of the bed have been seen near Weybourn, but at 
Lower Sherringham, on each side of the village, directly under 
the Boulder Clsty, there are sands and thin loams with Sucoiriea 
arid occasional Pisidia, which probably represent this stratum. 
' At Beeston' for a considerable' distance, in fact till the Boulder 
Clay cuts through the beds to near the beach line, sands and 
loams with occasional freshwater shells occur about 10 or 15 
feet above high- Water mark,' and immediately under the Boulder 
Clay. At one point, midway between Beeston Hill and the 
small stream, there is a lenticular mass of laminated peaty loam, 
which has yielded well-preserved plant remains, including moss 
and numerous leaves of 8alix polaris. ' 

The loam seems to occupy a channel, for during 1889 a new 
section was observed, in which several feet of bedded blue loam 
occurred directly over the carbonaceous Forest-bed. A sample 
of this loam was taken, under the impression that it belonged 
to the Forest-bed. On examining it afterwards in London it 
was "found, however, that it must represent the base of the 
higher zone. It was full of mosses (not yet determined), and 
contained leaves of the Arctic birch and willow (Betula nana and 
Salix polaris). It also yielded fruit of a number of plants not 
previously known from the Arctic Freshwater Bed, so that in 
this seam we may perhaps have a flora less arctic than that 
higher up and immediately under the Boulder Clay. 

Another more difficult question was raised by this exposure. 
Is it perfectly certain that the loam with Arctic plants does not 
lie beneath instead of abovie the' Leda-myalis Bed? Unfor- 
trihately the two deposits have not yet yielded cha/racteristic 
fossils at the same locality. I am now less inclined to attach 
importance to scattered marine shells, than when the Cromer 
Memoir was written. It is clear that fragments of derivative 
marine shells occur occasionally in the Arctic Freshwater Bed ; 
perhaps the shelly sands usually found between the two fresh - 

* See Lyell, Antiquity of Man, 1873, pp. 261, 262; and Journal of Botany, 
N.S., vol. ii.. p. 225. (1873.) 

t Geol. Mag., dec. II., vol. vii., p. 548 

N 2 
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water deposits at Beeston do not really represent the Leda- 
Tnyalis Bed. It seems probable that the succession published in 
1880* is tho CO) rect one, for the fossiliferous Arctic Freshwater 
Bed can always be traced continuously upwards, till cut oflF by 
the Boulder Clay. The two seams undoubtedly belonging to 
the Leda-myalis Bed both lie some distance below the Boulder 
Clay and rest on Pliocene Beds. No arctic plants have, however, 
yet been found directly over the marine beds at West Runton 
or Sherringham. The age of the uufossiliferous sands and 
gravels which, at these localities, separate the marine bed from 
the Boulder Clay, is therefore still uncertain. 

No other locality for the arctic plants is at present known 
west of Cromer. Several of the loams at Beeston and Sher- 
ringham have a rather weathered appearance, and seem to 
have been penetrated by small roots, such as might belong to 
the dwai-f birches and willows. This evidence of ancient land- 
surfaces is thoroughly in keeping with the amphibious character 
of the mollusca, which remind one much of those of the loess 
of the Rhine, the land forms being only such as ordinarily live on 
alluvium, and can survive submergence for a limited time, while 
the freshwater species can live in damp mud. The species found 
were Succinea putris, S. dblonga, Helix hispidal Valvata 
piscinaUs, and Pisidium henslowianv/m. 

Though it is probable that further search may lead to the 
discovery of localities for the Arctic Freshwater Bed near 
Cromer, at present there is an interval of about nine miles 
to the next exposure. This was found nearly a mile west of 
Mundesley, where the section shown in Fig. 40, p. 166, was 
exposed about the year 1 876. 

In the Cromer Memoir beds 3 and 4 were referred to the 
Forest-bed Series, but at that time the plants had not been 
examined, the specimens having miscarried. It is now found 
that among them are leaves of Salix polaris and Betula- nana, 
proving that the deposit belongs to the Arctic Freshwater Bed. 
From this point eastward to Mundesley the Arctic Freshwater 
Bed appears to be continuous, though only sparingly fossiliferous. 
A short distance north-west of Mundesley, in the original section 
discovered by Prof. Nathorst, the details vary continually, but 
at one of the most fossiliferous spots, immediately under the rain- 
water spout between the Coast Guard Station and the road to 
the Manor House, the following series of deposits occurs : — 

Feet. 
2nd Till - - -[ ^o^^'^^^ Clay, full of chalk. 

" 1 Hard blue loam and a little sand - - 3 

rStiff bine clay witb moss, Hippwris vulgaris, 
1 SaUx polaris, elytra of beetles, Sitocineaputris, 
Arctic Fresh- J S. oblonga, Pupa rrmscorum, and bones of 
water Bed. "> Spermophilus - . . . l| 

Sand and blue loam, contorted together ; fresh- 
water shells, Pisidium anmicv/m ? 

* Geol. Mag., dec. II., vol. vii., p. 548. 
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The SpermophUvjS, at present the only vertebrate known 
from this horizon, was found a few inches under the Boulder 
Clay in digging out a lump of the freshwater clay to wash for 
plant remains.* The specimen was much crushed ; in fact, 
though it was probably nearly a whole skeleton, the only 
recognizable parts were a few teeth, tail-vertebrje, and foot- 
bones ; and the thin seam of sand in which it occurred was 
flattened to about an eight of an inch. By drying and washing 
the clay through a sieve the leaves can be obtained uninjured, 
and so well preserved that the twigs of Salix polaris retain 
their original glossy chocolate-brown color. The leaves and 
moss may be dried in ordinary botanical paper. 

Unfortunately the continuation of this deposit, both eastward 
and westward, is much obscured by talus, and where plants are 
absent the shells alone are not sufficient to show whether the 
bed belongs to the Arctic Freshwater Bed or to the upper part 
of the Forest-bed. 

About eighty yards north-west of the Gap near Ostend Brick- 
kiln, Bacton, when the beach is very low, and the base of the 
Boulder Clay can be examined, the Arctic Freshwater Bed is 
again seen. The section is as follows : — 

Feet, 
Soil ..... . . 3 

r Bedded marl, mucli piped - - - 2 

Till - -< Laminated sand and loam - . - 3 

[Hard Boulder Clay with little Ohalk - - 5 

Arctic Fresh, f ■^^^'^ bedded blue loam, sand, and gravel : 
water Bed I -^ctio plants in the loam, Salix polaris, 

I Betulanama, &c. - - - 2 + 

This section was only once seen. ; After a severe gale the beach 
was exceptionally low, and a good exposure of the loam was 
laid bare at the foot of the cliff. Several species of plants were 
then obtained from it, but a few days later it was entirely 
hidden, and lias not since been uncovered. The base of the 
Till is low at Ostend, and the beach exceptionally high, so that 
the deposits immediately under the Boulder Clay are, as a rule, 
entirely hidden, and there is also a considerable thickness of 
beds always obscured by the slope of the beach. The connection 
of the Arctic Freshwater Bed with the Upper Freshwater Bed 
seen near low-water mark, has not yet been made out. For 
about 300 yards north-west of the Gap, freshwater beds have 
been seen here and there at the base of the cliff; but further 
observations are needed before they can be definitely referred to 
this horizon ; they may belong to the Forest-bed. 

Though the term "■ Freshwater Bed " has been used in this 
)!iIemoir for the stratum containing the Arctic plants, the deposit 
may perhaps be more accurately described as a flood-loam or 
sand, for the gi-eater part of it does not appear to have been 
pennanentiy under water, the most abundant shells being 

* Vide Geol. Mag., dec. II., vol. iv., p. 51. (1882.) 
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SuocinecB, and not aquatic species. No sections of the Arctic 
Freshwater Bed are yet known except the foiir already- 
described. 

The similarity of lithological character in all the deposits 
immediately beneath the Boulder Clay has necessitated the in- 
clusion of the Arctic Freshwater Bed in the Pre-glacial Series in 
the separate Sheet of cliff sections* ; but in the present Memoir 
it has been placed at the base of the Pleistocene Series, because 
the change from the climate of the Forest-bed, shown by the 
plants, is so great that it seems a misnomer to speak. of the bed 
as " Pre-glacial." In this bed trees have entirely disappeared, 
and its plants include the dwarf Arctic birch and Arctic willow. 
Its fauna and flora show the first incoming of Arctic land 
speciest, and indicate a lowering of the temperature by about 
20 degrees, — a difference as great as that between the South of 
England and the North Cape at the present day, and sufficient 
to allow the seas to be blocked with ice during the winter, and 
to allow glaciers to form in the hilly districts. 

The whole of the strata lying between the Cromer Forest-bed 
and the oldest Boulder Clay on the Norfolk coast, seem referable 
to one or other of the two horizons just described as the Leda- 
myalis Bed and the Arctic Freshwater Bed. There are, how- 
ever, wide sheets of pebbly gravel about which nothing can be 
said, except that they lie between undoubted Pliocene strata and 
undoubted Glacial deposits. These gravels probably belong to 
several different horizons. Some of them appear to be shore 
deposits of the age of the Weybourn Crag, others may be coeval 
with the Forest-bed. Littoral equivalents of the Leda-myalis 
Bed may also be represented; and perhaps there may also be 
relics of still other horizons, of which the fossils are entirely un- 
known. Under these circumstances little can be done, except to 
give an outline of the distribution and general character of the 
deposits, and to indicate the few localities where more definite 
evidence may be obtained. 

A glance at the Geological Survey Map of the neighbourhood 
of CrOmer, (Sheet 68 E.), will show that Pliocene deposits are 
traceable between Bacton and the River Ant at Honing. The 
strata immediately under the Boulder Clay at Bacton are generally 
the quartzite-gravels, quartzose sands, and laminated loaims of 
the Forest-bed, and it is probably to this division of the Newer 
Pliocene that aU the sections between Bacton and Honing belong. 
Similar gravels occur at Worstead ; but the further they are 
traced from the coast the more difficult does correlation become. 
No fossils have been found in this area, except at Honing, 
where the eight species of moUusca recorded by Mr. H. B. Wood- 
ward are insufficient to fix the age of the deposit. It may 



* Horizontal Section, Sheet 127 {Geological Survey), 

f The Glutton and Musk Ox are the only arctic land species yet known from the 
Forest-bed (see ante, p. 182). 



PEBBLE GBAVELS. 199 

belong either to the Weybourn Crag, or to the Forest-bed, 
(see p. 137). 

A considerable area occupied by similar pebbly gravel has 
been mapped on the low land between Hickling and Barton 
Broads, and in the adjoining portion of the valley of the Bure. 
There is little doubt that these overlie the Chillesford Clay, but 
this is all that can be said about them. In the upper part of 
the Bure Valley the pebbly gravels are quite inseparable from 
the Norwich Crag, and have already been described with that 
formation. 

Around Norwich pebbly gravel with seams of laminated clay 
commonly overlies the undoubted Norwich Crag. As a rule 
these strata are unfossiliferous, but at one or two points seams of 
ironstone contain casts of shells. This aippears to show that the 
absence of fossils at other localities is merely due to the complete 
decalcification of the gravels. No evidence has yet been obtained 
that will justify the correlation of the pebble gravels near 
Norwich, with one rather than another of the divisions noticed 
on the coast. The strata can be well seen at the Bishop's Bridge, 
or Lollard's Pit, in Norwich. Here Ftof. Prestwich describes 
them as " white sands, and flint shingle (Westleton beds)," and 
gives the thickness at 20 feet* At the pit at Thorpe Kiln, casts 
of shells occur in a seam of ironstone above the Chillesford Clay. 
The species recorded by Mr. H. B. Woodwardf are : — 

LHtorina littorea. Mytilus edulis. 

Purpura lapillns. Nuonla Cobboldise. 

Oardium edule, Tellina balthica P 

Modiola (large sp.). obliqua. 

Mya arenaria. 

There is nothing in this list to fix the age of the deposit, as 
Tdlina balthica, the only species of importance from this poiut of 
view, is a doubtful determination. 

Near Eeedham the shingle so conspicuous in the railway cut- 
tings, forms a mass of 25 feet or more in thickness, and seems to 
lie between the lower Boulder Clay and the Chillesford Clay. 
In composition it consists mainly of flint, pebbly and subangular, 
and quartz pebbles. The sections of it, fully described by Mr. 
Blake in the Norwich Memoir, throw no light on the question of 
the age of the gravels. Around Beccles the deposits are more 
sandy, though otherwise similar. The pebble gravels are often 
cut out or overlapped by newer strata between Beccles and 
Bungay, and seldom rise to any great height above the marsh 
level. 

In the tributary valley that extends. from Ditchingham west- 
ward to Bedingham, the gravels become of. greater interest, for 
though still unf ossilif erous, their lithological character is sin- 
gularly like that of the Forest-bed gravels at Bacton (see p. 170). 

* Quart. Joum. Geol. Soc, vol. ]L^vu., p. 462. (1871.) 

t Greology of the Country around Norwich (JMevu Geol. Survey), p. 75. 
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As they rise to a height of 30 feet above the sea, they can "be 
well examined. At Hedenham they consist of greenish-grey 
pebbly sand, exposed to a depth of five feet. More than half 
the pebbles are foreign to the district, principally quartz, and a 
large number of quartzite. At Woodton were found fine false- 
bedded pebbly gravel and sand, in the lower part of which was a 
good deal of greenish claj-. About half the pebbles were of 
flint, the rest consisted of hard sandstone, quartz, and quartzite. 
One pebble of Hertfordshire pudding-stone was noticed. This 
correspondence in composition between the gravels at Woodton 
and those in the Forest-bed at Bacton is worthy of notice, 
especially as in the intervening area thej' are to a much larger 
extent of local origin. Ts it possible that we are really dealing 
with two distinct horizons, and that the Woodton gravels are 
truly of the age of the Forest-bed, whilst the shingle at Reedham 
is of later date ? The occurrence of the peculiar light- coloured 
fine-grained quartzite so abundant in the Forest-bed is, however, 
insufiicient to prove that the Woodton gravel is of Forest-bed 
age. Similar quartzite pebbles are found rarely throughout the 
Upper Pliocene series in Norfolk, and are merely more abundant 
in the estuarine gravels than in the marine ones. Some large 
pebbles were found in the shingly Norwich Crag at Ditchingham 
(see p. 111). 

Higher up the Waveney Valley somewhat similar deposits have 
been mapped by Mr. Dalton in the neighbourhood of Withers- 
dale. The beds have here become more loamy and sandy.* A 
section in Withersdale brickyard showed 25 feet of laminated 
loams, alternating with pebble gravel, resting on rather loamy 
sands. South of the Waveney Valley, little difficulty has been 
felt in separating the pebble gravel from the Crag. It is there- 
fore shown on the Geological Survey Map as a distinct division, 
coloured differently. 

Returning to the coast, we find no deposits older than the 
lower Boulder Clay for several miles south of Happisburgh. 
Near Hopton, north of Lowestoft, the Rootlet-bed again rises 
above the sea-level, but is cut oflP above by Boulder Clay. Not 
many yards further a series of pebbly sands comes in between the 
Boulder Clay and the Rootlet-bed. These sands can be traced con- 
tinuously nearly to Corton Gap, near which place Boulder Clay 
again ploughs through the bed. Mr. Blake describes the " Pebbly 
Series " in these cliflfs as consisting of " buflf and ash-coloured 
pebbly sands, containing patches of clay and ferruginous con- 
cretions, laminated or well-stratified grey and brown clay, and 
ferruginous gravel and sand (' pan '), particularly at its base, 
where also a little ochreous-coloured clay occasionally occurs 
overlying the black peat. No fossils have been observed in any 
portion of this deposit at Corton."t 

* See Geology of Halesworth and Harieston. (Mem. Geol. Survey), pp. 15, 16. 

t Horizontal Sections, Sheet 128. {Geological Survey) ; and Explanation 8vo. p. 6. 
See also Geology of the country near Yarmouth and Lowestoft. {Mem. Geol. 
Survey.) 
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Similar pebbly sands reappear in the Pakefieldand Kessingland 
Cliffs, resting sometimes on the Forest-bed, sometimes on Chilles- 
ford Clay. Owing to the absence of any iuterveniag Lower 
Boulder Cla)', this series is not very distinctly separated from 
the Middle Glacial Sands, though the line of junction can usually 
be traced. The lithological character of the sands is the same as 
at Gorton, except that now they contain derivative pebbles of the 
underlying Chillesford Clay. 

We now enter the district taken by Prof. Prestwich as the 
typical area for his "Westleton Sands and Shingle," a name 
afterwards changed to " Mundesley and Westleton Beds."* The 
latter term it is impossible to adopt, for there is no evidence that 
the strata at Westleton are connected with those at Mundesley. 
On the Norfolk coast Prof Prestwich's group includes part of 
the Weybourn Crag, part of the Forest-bed, the Leda-myalis 
Bed, and the Arctic Freshwater Bed — a collection of zones which 
have nothing to do with each other, and do not even form a con- 
tinuous series. The Forest-bed, though placed by Prof Prestwich 
below his Mundesley Beds, is really in the middle of this group, 
many of his illustrations being taken from the estuarine division. 
The name "Westleton Beds" might possibly be useful for the 
deposits immediately around Westleton and Southwold, for these 
most probably belong to one series. In the absence of any clear 
stratigraphical continuity of the deposits, and of any charac- 
teristic fossils, we cannot, however, use the name in any more 
extended senjse. In this Memoir I have followed Mr. Whitaker 
in using the indefinite term "Pebbly Series" for the large 
residuum which remains, after all deposits of determinable age 
have been separated. The following description of this area is 
mainly condensed from the Memoirs by Mr. Whitaker, who 
surveyed the district.! We will commence with the cliff at 
Covehithe and trace the sections southward. 

In Covehithe cliff pebbly gravel and sand reappear. Tliey rest 
on Chillesford Clay, in places with a fairly even junction, in others 
iri'egularly. No shells have yet been found here. The Easton 
Bavent cliff shows the Pebbly Series gradually cutting through' 
the clay towards the south, but at the same time resting on it 
with am ore even junction. At Southwold the Chillesford Clay 
has entirely disappeared, so "that there is considerable difficulty 
in separating the Pebbly Series from the underlying shelly Crag. 
This is one of the few localities where fossils have been recorded 
from the Pebbly Series. There seems, however, to be considerable 
doubt whether the shelly beds do not belong rather to the under- 
lying Crag. The localities where fossils occur will therefore be 
described fully. The most northerly section is shown in Fig. 47, 
from the Southwold Memoir. 



* Quart. Journ. Geol. Soc, vol. xxvii., pp. 461-463 (1871) ; and Eep. Brit. 
^ssoc. for 1881, p. 620, Geol. Mag. dec. II., vol. viii., p. 466 (1881). See also 
Memoirs Geol. Survey on Norwich, Cromer, and Southwold. 

t See Geology of Southwold and the Suffolk Coast (1887); Geology of Hales- 
worth and Harleston (1887). 
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Section in the CUff, about 250 yards N.N.E. of the. Coast Guard 
Flagstaff, at the Northern End of Southwold. 1878, 1879. 

(W. Whitaker.) 
S.W. N.E. 




a. Sandy Stony soil, about a foot. 

[6'. Boulder Olayy weathered at top and with pipey masses 
of sand, rather dark, over 3 feet passing on tho 
right into: — , 
h. Pale grey Bonlder Clay up to 4 feet (or more ?). 

c. Light-coloured and brown sand, mostly coarse, some- 
times a coarse grit, with gravelly layers; over 
.3 feet ; passing into the next. ? ^ the Middle 

Grlacial Drift«^ Glacial sand of Wood. 

d. Sandy pale Boulder Clay (in the central part of the 
pit) : on the left rather a loam and sand, with 
scattered stones ; about 8 feet. 

e. Gravel, chiefly of pebble* of flint, but many of chalk ; 
some broken shells; nearly a foot. Differs from 
the pebbly gravel of the district in containing 
chalk. 

/. Crag P Coarse ferruginous sand with broken shells, and so full of 
flint-pebbles as to be almost a gravel. Dug to a depth of 6 feet. 
Of course it is possible that this may be a shelly condition of the 
pebbly gravel ; but the undoubted Crag hereabouts often contains 
gravel. 

S. V. Wood considered bed / of this section to belong to the 
Pebbly Series, but remarked that ''I call attention to it because I 
believe that aB the shells in it are derivatives from the Crag 
. . ."* The deposit has yielded 23 species of moUusca, all 
common Norwich Crag forms. 

The Pebbly Gravels occupy the whole of the Southwold islaiid, 
except a small . area near the section just described. They 
reach a thickness of 37 feet in the well at Waterworks. One 
other fossiliferous section occurs in the railway cutting at 
Southwold Station, where about 20 species of mollusca have 
been obtained — ^all common Norwich Crag forms. In the 2nd 
Supplement to the Crag Mollusca, S. V. Wood refers the shells to 
the 'Lower Glacial' (= Bure Valley Beds = Westleton Beds), 
but in the 3rd Supplement lie corrects this, considering that all 
the species are derived from the underlying Crag. His later 
opinion seems more likely to be correct. 

On the northern side of Buss Creek (the channel that separates 
Southwold from the mainland , on the north-west) there were ,two 



* Third Supp. to the Crag Molluaca—Palaontographical Soc., pp. 23, 24. 
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Other, fossiliferous sectiotis. One of these was in a small pit tyrp- 
thirds of a mile, north-north-west of Southwpld Church, close to, 
ai^4 on the. eastern si^e of, the road, to Lowestoft. Here Mr. 
Whitaker obtained, nine species of mollusca, but tJjereis the same 
uncertainty as to their real age, as, in the case of those from the 
South wold sections. The other locality was discovered by Prof. 
Prest-vjrich, who fpaqd," in a pit close to the north-east , ^dge of 
Reydop, marshes . ... ..^.aseam of the same pebbly sand 

concreted by oxide of iron. This seam was full of the casts and 
impressions of, Mytilus edulis in all stages of growth, and many 
of the shells -double."* Crag crops out neevr this spot, so the seam 
with mussels may belong to the lower strata, not to the Pebbly 
Series. 

The sections of the Pebbly. Series just described include all 
those in Suffolk that have yielded fossils. Evidence of the mode 
of origin, and of the age of the deposits, seem, therefore, to be 
entirely wanting. I cannot help agreeing with the last opinion 
expressed by S. V. Wood, that in this district only derived 
fossils are found. The one locality where mussels occur may be 
an exception. ■ . 

Inland, west of Southwold, the Pebbly Series crops out on each 
side of the valley of the Blyth, some of the best sections occurring 
in the Wangford tributary yalley. A pit near Wangford shows 
Avell the irregular junction with the glacial gravel, and also the 
difference of ohftracter between the two deposits (Fig. 48). 

Fig. 48. 
Section in a Gravel Pit N.E. of Wangford. ' 

(W. Whitaker.) 
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1. Gravel and sand. The gravel irregnlar, composed largely of flint pebbles, 

bwt also with pebbles of chalk ; partly coarse, and -with large flints and other 
stones (Glacial Drift). 

2. Sand, with layers of pebbly gravel, bedding flat, reaching up to about 8 feet 

above the bottom of the pit. 

Near Halesworth station Mr. Dalton notes that the strata 
change to " a thick mass of grey pebbles, in a matrix of sand, a 

* Quart. Joum. Geol. Soc., vol. xxvii., p. 462. (1871.) 
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large pit showing a thickness of 30 feet, with marked current- 
bedding. Above these pebbly beds, close under the Boulder 
Clay, and nearer to the station, light-coloured sand, bedded with 
layers of pebbly gravel, was seen at a spot now covered by the 
embankment of the Southwold line."* 

It is in the district south of the Blyth that the Pebbly Beds 
take up most area (compared with other deposits), forming the 
level hill-tops, except for sundry mostly small cappings of Boulder 
Clay. But they are cut through everywhere by the valleys, 
which reach to the underlying sand, except in the case of that of 
the Blyth itself, in which the Pebbly Beds reach down to the 
marshes in three places, on the southern side. 

There seems to be a good deal of difference of opinion as to 
the correlation of the strata seen in Dunwich cliffs ; for the 
gravels referred by Mr. Whitaker to the Pebbly Series, are 
by Prof Prestwich and S. V. Woo'.l considered to be glacial. 
These pebbly gravels are almost confined to two portions of the 
cliff — the southern end, and close to Dunwich. The gravels ai-e 
continuous inland for two and a half miles, as far as to Westleton, 
near which place they pass under the plateau of Boulder Clay, 
only occasionally to reappear in the deeper valleys. The 
" Westlehon Sands and Shingle " in the typical locality are thus 
described by Prof. Prestwich.| "They attain a thickness of 
from 30 to 40 feet, and consist of a series of stratified beds of 
well-rounded flint-pebbles imbedded in white sand. They look 
more like the pebble-beds of Blackheath than any other beds in 
the eastern counties. Mixed with the flint-pebbles are a few 
small pebbles of old rocks, with a considerable number of white 
quartz-pebbles, the presence of which constitutes a distinctive 
feature of these beds throughout their range." 

These Westleton Beds have been traced as far south as the 
Minsmere Level ; beyond that point they are not identified by 
the Geological Survey, though Mr. WhitakerJ has suggested the 
possibility of the gravel being represented, in a distant part 
of the London Basin, by a gravel of like character as well also 
as of doubtful age. Prof. Prestwich goes further, and corre- 
lates with the Westleton Beds various outlying patches of gravel 
scattered over the counties of Essex, Middlesex, Hertfordshire, 
Surrey, and other portions of the Thames valley.§ 

Whilst these pages were passing through the press. Prof 
Prestwich jjublished a r.ew s-eries of three papers on the 
"Westleton Beds."|| In these papers he reiterates his already 

* Geology of Halesworth and Harleston. {Mem. Geol. Survey'), p. 15. 

t Quart. Journ. Geol. Soc, vol. xxvii., p. 461. (1871.) 

J Guide to the Geology of London. (Jfem. Geol. Svrvey.') Ed. 3, p. 57 (1880,) 
and Ed. 5, pp. 58-60. 

§ On the Extension into Essex, Middlesex, and other Inland Counties, of the 
Mundesley and Westleton Beds .... Rep. Brit. Assoc, for 1881, p. 620, and 
Geol. Mag., dec. U., vol. viii., p. 466. (1881.) See also H. B. Woodward, Notes 
on the Bure Valley Beds and the Westleton Beds. Geol. Mag., dec. II., vol. ix., 
p. 452. (1883.) 

II Quart. Journ. Geol. Soc, vol. xlvi., pp. 84-181. (1890.) 
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published views as to the claHsificatioa and order of succession 
in the strata described in Chapters VIIL, IX., and X. of this 
work, but brings forward no new evidence as to the relations of 
the different deposits It is, therefore, unnecessary to modify 
the classification adopted by the Geological Survey, especially 
as it was founded on a large amount of evidence which was not 
available when Prof. Prestwich's views were first brought for- 
ward. It may also be pointed out that the present Memoir 
contains much corroborative evidence, both palseontological and 
stratigraphical, which has only recently been obtained, through 
the systematic collection and study of the fossils, and through 
the making of trial-borings. 

Some of the outliers referred to by Prof. Prestwich to the 
Westleton Beds have been coloured on the maps of the Geological 
Survey as glacial, and are also considered by Messrs. Wood and 
Harmer to belong to the Glacial scries. These will not be 
described here. We will merely draw attention to those outliers 
mapped by the Survey as something differing from, and probably 
older than, the glacial deposits. The common characteristic of 
these outliers is that, unlike the other gravels, they contain a 
large propoi-tion of pebbles of quartz and light-coloured quartzite. 
They usually occur at a considerable height above the sea. 
They overlie Bagshot Sands, and often can be seen to pass under 
the Chalky Boulder Clay, but their stratigi-aphical position 
cannot be more exactly fixed. 

One of these outliers has been mapped near Hertford, by 
Mr. W hi taker, who speaks of a " small deposit of pebble-gravel 
that occurs on the London Clay hills between Hertford and 
Hoddesdon, and which may be of pre-glacial age. It is composed 
almost wholly of pebbles, the larger mostly of flint, and the 
smaller of quartz, and it has been inferred to be the oldest 
Drift-bed in the district (and to the west), and to have been 
largely denuded before the deposition of the succeeding bed."* 

From Hertford these gravels extend in a south-westerly 
direction, capping all the higher hills as far as Kickmansworth. 
After an interval of a few miles they reappear on higii ground 
near Amershain, and agaiti, on the south side of the Thames, 
not far from Marlow. To the east small outliers are found on 
Haropstead Heath, at a height of about 400 feet above the sea. 
At High Beech the gravels reappear, and again on the highest 
points in the county, at Havering, Brentwood, Langdon Hill, 
and Hadleigh. Crossing the Thames, we find an outlier on 
Shooter's Hill and Swanscomb, which may be of the same age. 
As full details of all these outliers are given in a recently 
published Memoir, f it will be unnecessary to redescribe them 
here. 



* Geology of the N.W. part of Essex and the N.E. part of Herts, &c. (Afem. 
Geol. Survey), p. 32. (1878.) 
t Geology of London, vol. 1 iMem. Geol. Survey'), pp. 290-296. (1889.) 
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Beyond the area already described, we find dotfed'over vatiOus 
parts of tlie sbutli of England, small isolated masses of g^a\%l. 
not entirely of locar origin. THese often cap -the highe^fi points. 
For instance, on the Blaekdown and Haldon Hills, in Devonshire, 
they occur on plateatts 800 feet above the sea, separated irom 
any other high land by deep valleys. Though many of these 
deposits are possibly of Pliocene age, it is useless to'atteinpt any 
description of them here, for, for anything wS yet know, th^y 
may be of any date from Eocene to Older Pleistocene. This 
question is now being worked out duiriiig the progress of the 
new Drift Survey. 

One deposit, undoubtedly of Pliocene age, remains to be 
described — that at Dewhshl, in Dorsetshire. This locality has 
been left till last, because though the bed seems to belong to t^e 
Upper PHoeene series, there is at present no sufficient evideiibe 
to settle its exact position. Geographically it is widely separated 
from the fossiliferous Pliocene deposits of East Anglia, and it is 
quite as much connected with certain deposits in France, which 
will be referred to in the next chapter. 

Dewlish is a small village lying about six miles north-east of 
Dorchester, in the middle of the Chalk Downs. A long dip- 
slope causes the height of the Downs to fall towards the south, 
and the gravel now to be described lies about three miles from 
the edge oP the Chalk escarptoent ; and at a inuch lower level. 
The Eocene strata a short distance to the south rise to about the 
same height as the gravel. 

The history of the discovery of elephant rema,ins.at this spot is 
fully described by the Rev. 0. Fisher.* It is curious that the 
occurrence here of Elephas meridionalis should have attracted 
so little attention, but the speciinens first found were referred by 
several Competent observers to E. antiquus. Thus they excited 
less interest than would otherwise have been the case. Teeth of 
elephant were found as long agO as 1813, and in 1870 the species 
was recorded as Elephas lneridionq,Us, on the authority of 
Mr. Ay^hford Sanforit During 1887 Mr. Fisher toOk up the 
question, and he and Mr. Mansel-Pleydell made excavations 
which 'showed the character of the deposit, and led' to the 
discovery of more bones. Moi-e recently I 'have exatnined the 
surrounding district, for the purpose' of ascertaining tlie rela- 
tion of the gravel to the existing contours, and to see what 
connection niight be traced between the Pliocene stratd and the 
present lines of drainage. 

• The locality from which the bones were obtained lies close to 
Dewlish, but on the opposite (east) side of the Devil's Broolc, the 
exact spot being 150 yards north-east of the foot-bridge. Above 
the stream there is a steep bluff of Chalk, with the unusually 
high slope of 2&°, facing the village. This bluff rises to a height 

* Quart. Journ. Gepl. Soc, vol. xliy., p. 818. (1888.) 
'•• t Flint Chips, by Joseph Stevens. 8vo. London, 1870. 
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of a hundred feet above the brook. From the top of the scarp, 
the surfadb, instead of continuing to rise at a less angle, falls 
gently and steadily to the eastward, towards an adjoining valley, 
now quite dry. On the west side of the Devil's Brook this gentle 
inclination seems to be continued upward on the next ridge, 
quite independentLy of the valley now intervening. The steady 
slope, agreeing with the trend of the Eocene strata, appa- 
rently shows that there is a dip-slope to the south-south-east. 
This is an important point, for it at once explains the steep- 
ness of the bluff on the east of the Devil's Brook, compared with 
that on the opposite side. The steep bank, as is generally the 
case, shows that the strata here dip into the hill ; the gentle slope 
shows that they dip towards the stream. 

The excavation made by Mr. Mansel-Pleydell was close to the 
summit of the bluff, the top of the hill being cut into until work 
was stopped at the hedge of an adjoining wheat field. This 
explanation is necessary, for the diagram section in Mr. Fisher's 
paper shows the mammaliferous gravel apparently chnging to the 
steep slope of the blufi". Mr. Pope, who sup^rinteiided the 
excavation, informs me, however, that there was no sign of the 
deposit dying out, for the work ceased with a high vertical face 
of aand and gravel. Work was stopped, not because the bed had 
died out, but so that the hedge and growing wheat should not be 
damaged. Mr. Mansel-Pleydell's section is : — 

Mould - - - - " - - about 3 inches. 

Chalk'rubble - - . - - 10 ,, 
Fine impalpable sand -and flints, remains of 

elephant .----. 3 feet. 

Sand and fermginons gravel - - - ? 

Mint material, water-borne - _ - - ? 

Sand^ the lower portion with different-sized flints ? 
Chalk. 

Both Mr. Fisher and Mr. Mansel-Pleydell aire of opinion that 
the material is water-borne, and is not merely the contents of a 
pot-hole. Many of the flints are worn and polished in an 
unusual way, explained by Mr, Fisher as probably " due to the 
long-continued percolation of water, carrying fine silt with it." 
The polishing is so marked that some of these flints have been 
placed in the Museum of Practical Geology, where they will 
bo seen to present many points of resemblance to rock-suifaces 
that have been polished hy wind driving sand across them. The 
gravel also contains smaU quartz pebbles, which must have 
travelled from a considerable distance. 

Mr. Fisher considers the gravel at Dewlish to belong to an old 
river terrace, cut when the Devil's Brook flowed 90 feet higher 
than it does at present. Ah examination of the surrounding 
country leads me to suspect, however, that the gravel has nothing 
to do with the present minor lines of drainage. The deposit 
caps a ridge lying between two vaUeys, and if it belongs to any 
existing valley, it seems rather to be to the dry coombe east of 
the Devil's Brook. The general slope of the Chalk surface trends 
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in that direction, and the present stream is probably of much 
later date. Some details of the contours are suggestive of an 
ancient valley trending east and west ; that is to say, at right 
angles to the present lines, but nothing more can be said about 
this until the whole country has been gone over in detail. 

A considerable number of bones and teeth of elephant have 
been found, but as yet no other fossils. Some of the molars are 
considered by Mr. Mansel-Pleydell* and Mr. E. T. Newton to 
belong to Mephas meridionalis. Others correspond closely with 
specimens from the Cromer Forest-bed, often referred to the 
broad-plated variety of Mephas antiquus. 

The occurrence of Elephas Tneridionalis, elsewhere in Britain 
confined to Upper Pliocene strata, and perhaps of another 
elephant characteristic of the Cromer Forest-bed, suggests that 
the Dewlish gravels may be of Forest-bed age. At present, 
however, the evidence is insufficient definitely to decide this 
question, for Elephas meridionalis perhaps occurs in later 
deposits in France and in Italy. 

This completes the account of the British Pliocene strata. 
The so-called " Bridlington Crag " is not PJiocene, but Pleistocene, 
though it contains some extinct Crag shells, like Tellina obliqua 
and Nucula Gobboldim.f In Scotland no Pliocene strata have 
yet been discovered in place, though specimens of Valuta 
Lamherti, Turritella incrassata, Nassa reticosa, and Astarte 
mutabilis occur in the glacial deposits of the Aberdeenshii-e 
coast ; pointing, apparently, to some deposit of Red Crag age, 
lying beneath the North Sea, from which they were derived.]; 
Certain deposits around Lough Neagh, in Ireland, have been 
called Pliocene, but there is no evidence to justify their reference 
to this Series. In the next chapter an attempt will be made to 
trace the Pliocene strata beyond the limits of these Islands. 

* Note on Blephas meridionalis, found at Dewlish. JProc. Dorset Nat. Hist, and 
AnHq. Field Club, vol. x., pp. 1-18. (1889.) 

t See Crag Mollusca, 4to., Palaontograph. Soc. ; Quart. Jovrn. Geol. Soc, 
vol. xl., pp. 312-32S; and Geology of Holderness, {Mem. Geol. Survey), pp. 8-26. 
(188.5.) 

X See Jamieson, On the Crag Shells of Aberdeenshire . . . Quart. Jouni. 

Geol. Soc, vol. xxxviii., pp. 145-159. (1882.) 

§ See Hardman, Fossiliferous Pliocene Clays overlying Basalt, near the Shore of 
Lough Neagh. Geol. Mag., dec. IL, vol. iii., p. 556-558, and vol. vi., pp. 211-210 ; 
also Swanston, On Supposed Fossiliferous Pliocene Clays overlying Ba.salt, near 
the Shore of Lough Neagh, Ibid, vol. vi., pp. 62-65. 
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CHAPTER XI. 

FOREIGN EQUIVALENTS OF THE ENGLISH 
PLIOCENE STRATA. 

The study o£ any group of strata exclusively from the stand- 
point of a single limited area like Britain is likely to lead to 
•wrong conclusions as to the real importance of each strati- 
graphical division, inasmuch as it proceeds on too narrow a basis 
and tends to blind us to the great imperfection of the record, and 
allows us to forget the fundamental truth that a gap in the 
strata, marked only by a line, may represent a longer period 
than the whole of the deposits that are now preserved. Espe- 
cially is this the case when we study a group of shallow- water 
strata like the British Pliocene deposits, which in no one locality^ 
reach a thickness of 200 feet. When we think of the meaning 
of this small development the reason becomes obvious — the 
Upper Pliocene strata were deposited in such shoal water that 
no increase of thickness was possible, though the sediments were 
constantly being scoured out and redeposited. On the further 
side of the North Sea there is a great expansion of these 
deposits, for there, instead of a stationary area there was one of 
subsidence. We scarcely realise the true importance of the 
Pliocene period, however, till we see the enormous mass of the 
Sub-Apennine strata of Italy, and observe how large an area 
they cover. 

It was felt that this Memoir would be made more complete 
by an examination of the corresponding deposits in other 
countries. There is great advantage also in being able to meet 
other observers, who look at things from a somewhat different 
point of view. And, lastly, the study of the fossils in foreign 
museums will often show that whole groups of species appearing 
under different names are merely somewhat modified represen- 
tatives of well-known fonns. In fact they are old geographical 
races, which are called species or varieties according to the 
personal bias of different observers. 

During the spring of 1886 I had made a holiday visit to 
Auvergne and the south of France, for the purpose of examining 
the Pliocene strata ; but the limited time at my disposal rendered 
it impossible to go further. Soon after I was delegated by the 
Director General to make the necessary journeys, and spent 
three weeks in Belgium, in company with Messrs. Van den 
Broeck, Cogels, and Van Ertbom. Opportunity was at the 
same time taken to visit Utrecht to meet Dr. J. Lori^ and to 
examine the original specimens obtained from the deep borings 

E 60798. O 
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recently made in various parts of Holland. Next year another 
excursion was made by me, through France to Italy, mainly with 
the object of examining the marine Sub-Apennine deposits, and 
the lacustrine beds of the upper Val d'Arno. The route followed 
was through the Rhone valley and the Riviera, for I was 
desirous of judging to what extent the Alps might have formed 
a barrier to the migration of species in Pliocene times, and 
consequently what amount of resemblance we might expect 
between the Pliocene land faunas north and south of the 
mountains. 

These journeys, though restricted to some only of the more 
important localities, have enabled me to form a better idea of 
the character of the Pliocene deposits of western Europe. In 
compiling the following notes I have taken advantage of the 
most recent work of the different national Surveys ; but where 
the Surveys do not happen to be available, the account is 
either from personal observation or from the best Memoirs. 

Anyone acquainted with the difficulties met with in a small 
area in England will understand that the correlation here 
adopted is only provisional, although formed after a study of the 
best evidence at present to be obtained. The views of foreign 
observers have not in aU cases been accepted as to the correla- 
tion, but where I have ventured to differ from them, it has been 
on the ground that the particular horizon dealt with happens to 
be better represented or more fossiliferous in England, or its 
stratigraphical relations are here more clearly shown. 

In dealing with foreign correlation it is necessary to divide the 
Pliocene deposits into two parallel series — the marine and the 
freshwater. The reason of this classification is obvious. A narrow 
isthmus may separate two quite different marine faunas, while the 
land and freshwater species are the same throughout the whole 
of the adjoining area. A strait, on the other hand, may prevent 
the mingling of different groups of land and freshwater forms, 
while allowing the marine to spread freely. It must obviously 
have made a great difference in the natural history and climate 
of the adjoining areas, whether there was a strait or an isthmus 
where we now find the Straits of Dover. We will therefore 
first deal with the marine strata and their fossils, and afterwards 
with the land-animals and plants. A similar division is adtjpted 
in the lists of fossils in the Appendix. 

In Belgium and Holland the Pliocene period is only repre- 
sented by marine deposits, which do not extend eastward into 
Germany, and are only traceable a short distance southward into 
France. Whether they ever extended across the Bas Boulon- 
nais towards Paris, is unknown, for the same line of disturbance 
which has affected the Weald, and has caused the Lenham Beds 
to end so abruptly, has cut off the Diestian group not far from 
Calais. The correlation of the Pliocene strata of Belgium with 
those of England, involves no great difficult}'^, and the subject has 
already been alluded to in previous Chapters. There seem to be 
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two divisions ; the lower, or Diestian, representing our Coralline 
Crag and Lenhara Beds ; the upper^ or Scaldisian, equivalent to 
the lower part of the Red Crag, or Walton Crag. The higher 
zones, preserved in Norfolk and Suffolk, are at present unknown 
in Belgium and Holland. 

A wide interval separates the Pliocene strata of the Anglo- 
Belgian basin from the nearest marine deposits which can be 
referred to the same period. Correlation thus becomes much 
more difficult. The marine deposits of Cotentin, in Normandy, 
seem approximately to represent the Pliocene clays of St. Erth, 
in Cornwall. Both these are probably Older Pliocene, though 
belonging to the north. European type of that series, and not to 
the Mediterranean basin. The next marine deposits met with 
are of the Mediterranean type, and we can no longer attempt 
any detailed correlation with the English Crags. Perhaps the 
character of the Pliocene strata of the south of France will be 
best understood from the following translation of the excellent 
account given by Prof. A. de Lapparent.* 

The Miocene period was characterised by the wide expanse of 
the sea, which sent long tongues up the valleys of the Loire and 
Rhone, and covered parts of Switzerland and Austria. Thus 
Europe was transformed into a kind of Indian archipelago. At 
the commencement of the Pliocene period, as Prof, de Lapparent 
remarks, the geography of the Mediterranean region had under- 
gone a transient but considerable modification. The earliest 
deposits of this age tell of conditions more brackish-water than 
marine. Beds with Gongeria spread over various parts of Pro- 
vence, of Italy, and of Corsica, at the same time occupying 
considerable areas in eastern Europe, proving how at that time 
the Mediterranean did not extend beyond the meridian 6f 
Sardinia, and that all its eastern part had given place to a series 
of Caspian Seas, on the borders of which large troops of herbi- 
vora ranged freely. But soon the contours of the region became 
more pronounced, the continuity of marine conditions became 
re-established, and the sea advanced, by long channels, beyond 
the present estuaries of our rivers, notably in the valley of the 
Rhone, where it formed a kind of fjord, of which the extremity 
reached the gates of Lyons, and in that of the Po, where it 
penetrated as far as Ivrea and Mondovi. During this epoch, in 
various parts of western Europe, imposing volcanic manifesta- 
tions prolonged the eruptive activity of the Miocene period. 
Under these influences, a climate relatively very mild permitted 
Europe to support a vegetation in which the types of the rich 
forests of the north are mingled with those of the Canary 
Islands, and of the borders of the Caucasian region. Biit the 
temperature sank little by little, at the same time that the sea 
retired; the flora became impoverished never to recover; the 
most delicate species migrated towards the south, and palms 

* Traite de Geologie, 2nd edit., 8vo., 1885, pp. 1210-1211. 
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were no longer found except in latitudes lower by 10 degrees 
than tho8e which they had attained during the Miocene period. 
At last the period closed with a flora which, though still suflB- 
ciently rich to funish abundant food for gigantic herbivora, no 
longer contained, at each point, species which it is easy to-day 
to rediscover by approaching some degrees nearer towards the 
equatoi'. 

In this outhne of the climatic .changes in the Mediterranean 
region Prof, de Lapparent traces a gradual refrigeration of the 
climate corresponding to that which we have seen is so marked 
in England. It appears, therefore, that a classification of the 
Tertiary strata founded on important climatic changes, ought to 
be of more than local value. It ought also to yield a better 
standard for the correlation of isolated deposits than can possibly 
be found in the variable and uncertain per-centage of recent 
mollusca discovered at each locality. 

The Pliocene system in the south of France is commonly thus 
divided* : — 

{Horizon of Saint-Prest with l _m 4. \^ j 
Horizon of Perrier with Mas- 1 =Norwicli Crag and 
todon arvernensis • -J Upper Red Crag. 

r Freshwater beds with 8em- 1 
Middle {Astiwn) - < nopithecus and Mastodon > =Lower Red Crag ? 
L arvernensis - -J 

{Estuarine beds with Pota-^ 
M^iff be'df'' with' Nassa [-^^Coralline Crag. 
semistriata - -J 

Mio-Pliocene P {Mes- J Brackish-water deposits with "1 Missing in Eng- 
sinian). \ Gongeria - -j land. 

The lowest of these divisions scarcely comes within the limits 
of this Memoir, for the horizon is unrepresented in Britain, 
thovigh found in Belgium, where deposits apparently of about 
this age are generally referred to the Miocene period. In the 
basin of the Rhone, the Messinian strata rest unconformably on 
the older deposits, including the Miocene. They certainly in 
that district are more naturally grouped with the Pliocene 
series than with the older deposits, which according to M. Fon- 
tannes' sections have been greatly disturbed and eroded in the 
interval. The Messinian strata yield a brackish-water fauna, 
characterised by several species of Gongeria and Melania, and 
.the thickness of this division is small. 

Above the brackish-water Messinian deposits come those known 
as Plaisancian — equivalent approximately to our Coralline Crag. 
These are separated by M. Fontannes into two groups; a lower 
series of marine strata with Nassa seonistriata ; and an upper 

* See Fontannes, fitudes Stratigraphiques ct Pal^ontologiques poui servir h 
I'HiBtoire de la Periode Tertiaire dans le Bassiu du Rhone. 8vo. Paris, 187.')-1889 ; 
and Deperet, Description Geol. du Bassln Tertiaire du Roussillon. Ann. Se. 
Geol. vol. xvii. 1885. The beds with Potamides Basteroti in the above table are 
sometimes classed with the Astian. 
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division with Cstuarine shells, such as Potamides, Melanopais, 
and Gongeria. The total thickness of the Plaisancian may reach 
as much as 200 or 250 metres. 

In the neighbourhood of Montpellier, -where I had an oppor- 
tunity of examining the beds, the lower portion of this group 
consists of sands with thick banks of Oysters (Ostrea cucuUata), 
and numerous bones of land and marine mammals. The 
abundance of bones of Si.reuia (Halitherium Serresii) is very 
striking. Overlying the marine sands are sandy marls with 
brackish-water shells, as is usually the case in the south of 
France,* 

On examining the Plaisancian fauna of the south of France, 
one is at once struck by the great difference of the mollusca from 
the nortli European assemblage, though the strata are apparently 
of the same age. To attempt any comparison between them is 
useless, the conditions and climate under which they respectively 
lived were so different. It is interesting, however, to notice 
that the temperature of the Mediterranean during the Plaisancian 
period seems to have been nearly as much above that of the 
existing Mediterranean, as the temperature of the Coralline Crag 
sea was above that of the seas that now wash the English coasts. 
The isotherms were probably as far apart then as now, but each 
was considerably south of its present position. 
, The Plaisancian deposits of Montpellier have yielded a con- 
siderable number of land mammals, of which Dr. Viguier has 
supplied a list of 15 species. The eorresi)Qnding strata in the 
north of Europe, unfortunately have furnished very few of which 
the true horizon can be fixed. We have only the derivative 
fossils at the base of the Red Crag for purposes of comparison. 
A mastodon, a tapir, and a rhinoceros are probably common to 
Montpellier and Suffolk, the other mammals seem to be difierent. 
Here again no exact correlation is possible at present. 

As we travel eastward, both the Plaisancian and the Astian 
become thoroughly marine, changing to strata of the Siib-Apen- 
nine type as we enter Italy. It is not, however, till the eastern 
side of the Gulf df Genoa is reached that the Pliocene strata 
expand into the wide thick sheet, lying between the Apennines 
and tlie sea, which led to the adoption of the term " Sub-Apen- 
nine " for the whole group. 

Sub-Apennine strata cover enormous areas in Italy and Sicily, 
ri.'iing into low hills on each side of the Apennine chain. They 
have been liitle affected by the disturbance associated with the 
formation of these mountains. The Pliocene deposits sometimes 
rest conformably on, and pass down into, the Miocene; more 
commonly they abut against the disturbed rocks of the 
Apennines. 

In Piedmont Tertiary rocks are largely developed, and as the 
relations of the deposits have recently been carefully worked out 

* Vigaier, PliocSne de Montpellier. Comptes Bendus, -vol. cvi., p. 14,263. (1888.) 
Bull. Soc. Geol. France, ser. 3, vol. xvii., p. 379. (188H.) 
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by Prof. Sacco, this area may be taken as showing the character 
of the deposits in northern Italy. In his latest publications 
Prof, Sacco divides the Pliocene series thus* : — 

Meihes. 

Vaiafranchian (ViUafrancMano) | '^^^'^^J ^^f' . sands and l _ 
^ ' L gravels. Fluvio-laoiistriiie J 

Fossanian (Fossaniano) -[ ^^''^^' f*^^' ^"^^ Sro,Tels. Littoral T 

^ ' \ or estuarme - - - V 200 

Astian (Astiano) - Marine sands, witt beds of Oysters J 

Plaisanoian (Piacentino) { ^^^'^13""^ f'^''^^' /''^^ °\ "'''"''! } 100 
. I" Sandy marls, sometimes clayey, withT 
Messinian J seams of gypsum, limestone, and marine I nnn 
(Messiniano). ] fossils. Alternating brackish- water and f" 
L marine - - - - -J 

There is a gradual passage between each of the divisions, and 
the lowest, the Messinian, rests conformably on, and passes down 
into the Tortonian (Miocene). 

A like succession has been made out in Liguria by 0. Mayer, 
and a similar series of changes, from the brackish-water Messinian 
to the deep-water Plaisancian, then to shoal-water Astian, 
becoming littoral at the top and passing into freshwater deposits 
variously named Amusian, Villafrancian, &c., seems t^o have 
taken place throughout great part of Italy. In Sicily the 
Messinian division, or " Zanclean " as it was named by Prof. 
Seguenza, has apparently become more marine, though great part 
of it is unfossiliferous. Until, however, the detailed work of the 
Italian Geological Survey is more advanced, a good deal of the 
correlation of the minor divisions must be treated as provisional, 
for the mass of the deposits is great, and their thickness 
and lithological character vary considerably according to the 
proximity to the Apennines. In Tuscany there is still great 
uncertainty as to the exact relations of the celebrated lacustrine 
deposits of the Upper Val d'Amo with the marine Sub-Apennine 
Strata, only a few miles away. This will be again alluded to 
further on. 

The lowest of the stages of the Italian Pliocene contains a 
molluscan fauna so unlike that of the Mediterranean, and having 
so large a proportion of extinct species — about 83 per cent. — 
that, as already observed, it is evidently older than any Pliocene 
deposit found in England. It probably represents the interval 
be'tween the Bolderian and Diestian formations of Belgium. 

From one third to nearly half the Plaisancian mollusca belong 
to living forms. There is a gradual change upwards, and a 
nearer approach to the existing fauna of the Mediterranean, till 
in Sicily we reach a stage, higher than the Astian, named 
" Sicilian " by Prof. Seguenza. This latest stage contains a 
fauna scarcely differing from that now found in the adjoining 
seSis, except that among the fossils are a few northern forms. 



* See Bull. Soc. Beige de GSologie, vol. iii., pp. 12-28. (1889), &c. 
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such as Buodnvm undakwn, and Cyprma islandica, which no 
longer inhabit the Mediterranean. According to the definition 
ordinarily accepted in northern Europe, this stage would he 
called Pleistocene, not Pliocene. 

In northern Italy this highest, or Sicilian, division has not 
been recognised, at least as a marine deposit. The elevation of 
such recent marine strata in Sicily and in Calabria appears to 
be connected with the formation of Mount Etna. So much has 
been said about the appearance of certain northern forms in 
the Italian Pliocene strata, that while in Italy I especially 
inquired of Prof. De Stefani whether any of them occurred in 
Tuscany. He had not seen one species, for these northern forms 
appear to be almost entirely confined to the Sicilian stage, or 
Pleistocene. In more than one museum in Tuscany I observed 
specimens incorrectly labelled Tellina balthiea. They did not 
belong, however, to that species, but apparently to a form like 
the common Crag Tellina obliqua, though considerably smaller. 
Only two northern forms are included in Messrs. Ponzi and 
Meli's list from Monte Mario, near Rome.* This list contains 
153 species, of which 30 are extinct, or about the same pro- 
portion as in the Upper Red Crag, with which the deposit may 
be correlated. 

When the Coralline Crag fauna is compared with that of the 
Mediterranean region, it is with the existing Mediterranean 
species, not with the Pliocene ones, that we find the greatest 
resemblance. One cannot help being struck with the number of 
common Coralline Crag shells, or at any rate of moUusca closely 
allied to those of the Coralline Crag, that can be picked up 
during a stroll on the shore, or found in the fish-markets at 
Naples. Still the faunas are not identical, and the Coralline 
Crag moUusca have not simply migrated southward, as the 
climate changed. The Mediterranean and the Celtic regions are 
characterized by numerous forms which have survived for long 
periods in the one area, but are never found in the other. The 
climatic changes have not sufficed to destroy the evidence that 
the two regions have for many ages belonged to distinct sub- 
provinces, probably seldom with any very direct communication. 

The free-roaming sharks point more clearly than the moUusca 
to the similarity of the present temperature of the Mediterranean 
to that found in our latitudes in early Pliocene times. The 
sharks commonly exposed in the fish-market at Florence during 
my visit were Garcharias, Garcharodon, Notidanus, and 
Oxyrhina — the last. three common genera of our Nodule Bed. 

There was one point which in visiting the Mediterranean 
region I was anxious if possible to settle. Could we anywhere 
match the peculiar calcareous deposit which forms the Coralline 
Crac? Contemporaneous cementing of the sea-bottom into a 
hard mass— one of the most interesting peculiarities of the 

* Meni. li. Accad. dei Lincei, ser. 4, vol. iii., p. 672. (1887.) 
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Coralline Crag — has often been observed. It seems to be a 
common characteristic of warm seas. But none of the specimens 
of sea-bottoms preserved at the Naples Zoological Station at 
all coiTesponded in lithological character with the calcareouiS 
Coralline Crag, and I was informed that no deposit of that 
kind bad been found within the area over which they dredge. 
Even in the thick mass of Sub-Apennine strata in Tuscany, 
the only approach to a calcareous deposit of this kind yet 
noticed, occurs at one spot, where under the guidance of 
Dr. Canavari some calcareous sand full of Bryozoa was observed. 
The other calcareous Pliocene strata, such as the Amphistegina- 
limestone are of a totally different character. The recent 
deposits of this part of tlie Mediterrauean, and also the Pliocene 
strata, consist largely of inorganic sediments. To match the 
Coralline Crag we should apparently need to go much further 
from the land. 

Turning next to the land and freshwater deposits, we have 
seen that none of those in Britain belong to the older series, the 
only strata not of marine origin representing the close of the 
Newer Pliocene. There are, however, a number of d.erivative 
bones of land-mammals of Older Pliocene age in the Nodule Bed 
at the base of the Red Crag, and the higher marine divisionsj 
especially the Norwich Crag, have yielded a good many contem- 
poraneous species. We thus find in the British Pliocene strata 
three distinct mammalian faunas — that of the Nodule Bed (the 
base of the Lower Pliocene ?) — that of the Norwich Crag (the 
middle of the Upper Pliocene) — and that contained in the 
Cromer Forest-bed (top of Upper Pliocene). Of land and fresh- 
water mollusca a few are found in the Coralline Crag and 
Walton Crag ; they are common in the upper Crags ; aind are 
well-represented in the Forest-bed. Other land and freshwater 
animals, such as iish and beetles, are confined to the Forest-bed. 
Of the Pliocene birds we as yet know too little for any 
comparison to be possible. Plants are entirely confined to the 
Forest-bed. 

Thus there is still a great deficiency of evidence on which to 
correlate the minor divisions, for the most complete British 
Pliocene land fauna and flora is but poorly represented in 
France. The principal French mammaliferous zones, on the 
other hand, seem practically unknown in Britain. No assistance 
can be derived from Belgium or Normandy, for their Pliocene 
strata yield no land mammals, except the few indeterminable 
fragments recently foutid at Antwerp. The nearest Pliocene 
land or freshwater deposit met with in France, is 4° south of the 
Cromer Forest-bed, its principal English equivalent, and 2° south 
of Dewlish. 

Some mammaliferous gravels of Upper Pliocene age occur at 
Saint-Prest, near Chartrea. They have yielded Elephas 
meridionaLis, Rhinoceros Merbki (B. megarhinus'?). Hippopo- 
tamus major, Trogontheriv^m Cuvieri, and Gervus carnutorum. 
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This fauna, as far as it goe?, might belong either to the Norwich 
Crag or to the Forest-bed ; but the absence of the Mastodon is in 
favour of its reference to the newer division. Cervus carnu- 
torv/m is confined in England to the Ohillesford Beds, though 
we might expect to discover this and the other extinct forms 
in newer and newer deposits as we travel further south, beyond 
the influence of tlie extreme cold of the Glacial period. The 
correlation of the gravel at Saint-Prest with the Cromer Forest- 
bed is generally accepted. 

Certain lignitic deposits at Diimten and Utznach, in Switzer- 
land, are sometimes correlated with the Cromer Forest-bed ; but 
there is nothing in the fauna or flora to justify this allocation, 
for the species are like those of the British Pleistocene strata. 
The most probable correlation is with some of the British inter- 
glacial deposits, such as those of Holderness. 

In the volcanic region of Auvergne we find various fluviatile 
deposits or tuffs undoubtedly of Pliocene age. They are, how- 
ever, so intricately interbedded with lava-flows that it is difficult 
to make out the stratigraphical relations of the diflierent masses. 
The principal locality where the mammalian remains occur is 
at Mont Perrier, a steep escarpment facing a tributary of the 
river AUier, near Issoire. Here an old Pliocene lake-bed or 
alluvium has been overflowed by lava, which has served partially 
to protect the underlying strata, though they are now eroded 
into the precipitous cliffs and slopes which surround the gently- 
inclined Plateau de Pardines. The preservation of the Pliocene 
Alluvium in Auvergne is due to a cause somewhat similar to 
that which has led to the preservation of the Cromer Forest- 
bed ; in the one case a sheet of basalt protected the soft strata, 
in the other it was a sheet of Boulder Clay. 

At Mont Perrier, which forms the southern edge of the Plateau 
de Pardines, the Pliocene deposits are wasting rapidly under the 
influence of the rain, and bones are often washed out. The 
section of the strata is fine, though much of it is so steep as 
to be almost inaccessible, for no footing can be obtained in these 
crumbling sands. The lower part of the section is as follows* : — 

Metres. 

Red conglomerate, with large blocks of trachyte and basalt ; I 

forming the base of the beds which contain the celebrated > 2 
fauna of Perrier - - - - - - J 

Shaly clays, with iish, lignite, and pyrites - - - 7 or 8 

Conglomerate of large rounded quartz-pebbles, with some \ g 
fragments of basalt - - - - - - J 

Lacustrine marl (Miocene). 

This section was measured in the road-cutting above the village. 
The higher deposits are more sandy. 

The fossils of Mont Perrier, consisting almost entirely of 
mammalia, are sometimes considered to represent two periods — 

* Potier, Bull.Soc. Geol. France, ser. 3, vol. vii., p. 937. (1879.) 
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the Middle Pliocene and the Upper Pliocene. Dr. Ob, Depdretj 
however, treats them as belonging to one zone, and adopts a 
classification similar to that used for the marine deposits. He 
classes the fauna of Mont Perrier, and that of certain neighbour- 
ing deposits, evidently of the same age, as the first Upper 
Pliocene fauna, coiTelating it with that of the Val d'Amo and 
with the Norwich Crag. The fauna of Montpellier he considers 
to be somewhat older, and to belong to ihe true Middle Pliocene. 
This classification accords well with that used for the British 
Pliocene deposits, for though there is a great resemblance 
between the Auvergne fauna and that of the Nodule Bed, yet 
when we take into account the difference of latitude, it is more 
with the Norwich Crag that we ought, I think, to compare it. 
At present we must await the discovery of more mammalia in 
the English Crag. The only point that seems quite clear, is 
that the strata of Pardines must be somewhat older than those at 
Saint-Prest and Cromer, and newer than the Astian at Mont- 
pellier, with its apes and hipparions. Among the fossils at 
Pardines we find mastodon and tapir, but the occuiTence of 
elephant is doubtful. This would seem to indicate that the 
strata of the Val d'Arno, containing Elephas meridionalis and 
Equua Stenonis, may include a somewhat higher zone, approach- 
ing more nearly to the Cromer Forest-bed. 

The occurrence of freshwater deposits of Pliocene age, scattered 
over a considerable portion of France, seems to indicate that this 
period was essentially a continental one, and that if it were not 
for the difierence of latitude we might expect to find a close 
approach to the fauna of England. A number of the free-roaming 
mammals are common to England and France, but it is curious 
that out of about 15 species of deer from the Cromer Forest-bed, 
only three or four have also been discovered in France, and two 
of these range as far as the Val d'Amo. The Forest-bed con- 
tains more species of deer than any other deposit yet known. 

The only freshwater strata in southern Europe that can with 
any advantage be compared with the British Pliocene are those 
of the Upper Val d'Arno. A short distance above Florence the 
valley of the Arno narrows into a rocky gorge, beyond which 
the marine Sub-Apennine strata do not pass. Above this gorge 
the valley expands into a wide plain, known as the Val d'Arno 
Superiore, stretching in a south-easterly direction nearly as far 
as Arezzo, and having a width of several miles. If we stand on 
one of the spurs of the Apennines and look down on this plain, 
we see it to end abruptly against the hills on the further side, 
its lake-like appearance and conspicuous shore-line being very 
marked. When we approach nearer, or descend to it, we find 
the plain to be cut up into separate flat-topped blocks, or 
ploughed into by narrow gorges and canons, so that the district 
has a singular resemblance, on a small scale, to the canon region 
of the Colorado. The gorges are often one or two hundred feet 
deep, and so steep that no vegetation can grow on their sides. 
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Thus many miles of continuous deep sections of the old lacustrine 
deposits have been laid bare. Through the kindness of Dr. 
Ristori, who has made a special study of, and lives in the middle 
of the district, I had an opportunity of examining the upper Val 
d'Amo under his guidance. 

Though a large number of bones have been discovered in the 
lacustrine stra.ta of the Val d'Amo, fossiliferous localities are 
not numerous, and shells and plants only occur in certain 
localities. To judge by the number of specimens in the various 
museums, scarcely so many bones have been found as in the 
Cromer Forest -bed, notwithstanding the enormously greater 
extent of the sections. In all probability the fauna is still only 
imperfectly known; 

The oldest Pliocene strata in the upper Val d'Amo, seem to be 
the lignite beds and associated leaf-beds, which outcrop at the 
margin of the basin near Castelnuovo and Gaville. The lignite 
is extensively mined, being about 100 feet thick. It was un- 
fortunately impossible to examine the mines so thoroughly as I 
could wish, for the lignite bad caught fire a few days before my 
visit, and was still burning. However, the large open quarries 
showed excellent sections of the lignite as well as of the under- 
lying laminated blue clays, full of leaves. Some distance below 
these clays teeth of Tapir are found, but no other mammals 
have yet been discovered on this horizon. 

The plants of the lignite and associated clays of the Val d'Amo 
have recently been described by Dr. Ristori,* who records no 
less than 113 species, nearly all of them deciduous trees, ap- 
parently of extinct species. Tlie number of forms no longer 
living, suggests that in the plant-beds we may have deposits 
somewhat older than the mammaliferous strata of the rest of the 
basin, though they are generally classed together. An enormous 
preponderance of extinct forms among the plants is scarcely what 
we should expect in Newer Pliocene strata. 

The mammalia of the Val d'Amo are of great interest to the 
English geologist, for among them occur abundantly certain well- 
known species of the Forest-bed.f Elephas tneridionalis, 
Rhinoceros etruscus, and Hvpjpopoixim,us major are common in 
both districts and two of the deer and a horse are also found in 
both. The other species of the Val d'Amo mammals, such as 
the tapir and mastodons, perhaps point to a slightly older 
date, perhaps merely to a warmer climate. The general facies 
of the whole mammalian fauna is similar to that of the Foresi- 
bed, except that the difference of latitude gives a more southern 
character to the assemblage, and allows two species of apes to 
appear. The Alps evidently formed no barrier to the migration 
of the Pliocene mammalia, and the narrow belt of low ground 
between the Maritime Alps and the sea probably sufficed to 

* Atti Soc. Toscana Sci. Naturali, vol. vii., fasc. 1. (1885.) 
t C. J. Forsyth Major, On the MammaBan Fauna of the Val d'Amo. Quart. 
Joum. Geol. Soc, vol. xH., p. 1. (1885.) 
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allow of free communication between Italy and France, andt 
probably therefore with England. 

The land and freshwater mollusca of tbe Val d'Amo agree 
with the plants in their want of similarity with living forms. 
Eleven species are recorded by Prof De Sfcefani, all being 
extinct, and none of them corresponding with British Pliocene 
fossils.* In fact half a dozen widely distributed living species, 
and one extinct snail {Helix sviMonensis) are the sole links that 
connect the Pliocene land and freshwater mollusca of England 
with either the living or extinct species of Italy. It would seem 
that the route through the Riviera, so easily passed by the 
migrating mammals, was impracticable for freshwater mollusca, 
for the small streams are all at right angles to the path. For this 
group the western Alps would probiably form a complete barrier. 

The occurrence of the freshwater Lithoglyphus fuscus of the 
Danube fosrsil in England, and the absence of all the charac- 
teristic Pliocene freshwater shells of Italy, lends further coun- 
tenance to the suggestion that the freshwater mollusca may have 
followed a different line from that pursued by the mammalia, and 
that they may have crossed the Alps at the low divides which 
separate some of the head-waters of the Rhine and Elbe from the 
Danube. Any new species of freshwater shells which may yet 
be discovered in our L^liocene beds ought perhaps to be found 
also in Austria rather than in the Val d'Arno, but at present 
the Upper Pliocene fauna of central Europe is imperfectly 
known. Tbe Pliocene strata of the Vienna basin consist of 
Congeria-heds, with Lower Pliocene mammals, such, as Mastodon, 
Beinotherium, Acerotherium, and Hipparion A somewhat 
similar mammalian fauna occurs at Epplesheim, in the Mainz 
basin, in sand and gravel with lignite ; but in both districts the 
later stages of the period seem to be unrepresented. 

Since these pages were in type, advance sheets have been 
received, thanks to Dr. Lori6 and M. Van den Broeck, of a new 
paper on some deep borings at Amsterdam.f One of these 
borings, that at Diemerbrug, descends to a depth of 1,096 feet 
below the sea-level, but it is doubtful whether any portion of 
this great thickness of newer Tertiary deposits is so old as the 
Diestian. Dr. Lori6 was at one time inclined to refer the strata 
between 265 and 320 metres (867 to 1,047 feet) to the Diestian 
series ; liis list of mollusca obtained between these depths is 
therefore quoted : — 

Calyptraea sinensis. Eissoa reticulata. 

Chemuitzia denseoostata. Turritella terebra. 

elegantissima. 

indistincta. Anemia ephippium. 

Fuans scalariformis. Cardita orbicularis. 

Natica Alderi. Cardium ednle. 

Pleurotoma turricula. anbturgiduni, 

Eingicula ventricosa. Oorbnia contracta. 

* Molluschi Continental! Pliooenici d'ltelia. Atti Soc. Tosc. Sci. Nat., 1876-84. 
f Lorie,' Contribution h la Geologie des Pays-Basi Part IV. — Les deux demiers 
Forages d' Amsterdam. Bull. Soc. Beige GeoL, vol. iii., pp. 409-449. (1890.) 
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Oorbula §ibba. Nuoula Oobboldiae. 

Dosinia lincta. laevigata. 

Leda lanceolata. Pecten Gerardi. 

myalis. operonlaris. 

Lucina arcuata. Tentilabrum. 

Mactra solida. Saxicava rugosa. 

My a Binghami. Tellina prastenuis. 

Mytilus ednlis. Venus oyata. 

In favour of the Diestian age of the lower strata in this well 
Dr. Lori^ mentions five species of moUusca as characteristically 
Lower Pliocene ; all of them, however, are either living British 
forms or have been found in the Red Crag. On the other hand, 
as Dr. Lorie points out, there is the absence of many charac- 
teristic Diestian species, and the presence of several Arctic and 
upper Crag forms". The conclusion Dr. Lorid comes to is that 
the strata are probably of Scaldisian age, and to me the general 
character of the fauna appears like that of the Walton Crag, with 
the addition of certain northern species. Dr. Lorie brought 
forward as an argument against the Scaldisian age of the lower 
deposits, that the thickness of this division would be so much 
greater at Amsterdam than at Utrecht. Amsterdam, however, 
is on the shores of the Zuyder Zee, and in the middle of the 
great delta region which we have already shown to have formed 
a subsiding area since early Pliocene times — it is here that we 
should expect the Pliocene deposits to reach their greatest 
development. Interesting evidence is adduced by Dr. Lorid in 
favour of a great subsidence of this district, for high up in the 
undoubted Scaldisian deposits at Diemerbrug, but still 750 feet 
below the sea, a seam was found containing land and freshwater 
shells {Hydrohia similis, Zonites, sp., Sucdnea elegans, Clausilia 
pliocena, and Pupa muscorurri). 

One reason why especial attention is drawn to this well is 
that it seems to yield evidence of a cold area in the Pliocene 
sea ; for if the lower deposits are as new as the Walton Crag, 
yet the fossils point to colder water than is evidenced in the 
British Red Crag ; whilst if the sand at Amsterdam corresponds 
with the Coralline Crag, the contrast is still greater. There is, 
however, no trace of deep-water deposits either at Amsterdam 
or Utrecht. 



As a key to the correlation of the British and Continental 
Pliocene strjita, the table (pp. 222, 223) has been drawn up. 
Any attempt to fix the exact limits of each division has purposely 
been avoided in it ; for it must always be renaembered that a 
change of physical conditions, or even a change in the fauna, 
may be far from occurring simultaneously in ditterent countries. 
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British Pliocene Deposits 



England. 



Pleistocene 



Arctic Freshwater Bed (with SaJix polaris, Betula nana, 
&c.). 



Newee Pmooene 
(cold temperate). 



Leda-myahs Bed (classed provisionally with the Pliocene). 



Forest-bed J Upper Freshwater. 1 (j^a^els with Elepha^ 
o„^„. ■< Estuarme. V ™,j,-„„„?.v „f ti»«i;< 



ridionalis at Dewlish. 



Oldeb Pliocene 
(warm temperate). " 



isenes. y j^^^^j. j^eshwater. J 
Weybourn Crag (and Chillesford Clay ?). 
ChiUesford Crag. 

Norwich Crag and Scrobicularia Crag. 
Red Crag of Butley, &c. 
Walton Crag (lower Ked Crag). 

St. Erth Beds. 

Coralline Crag and Lenham Beds. 



Box stones and phosphate heds at the hase of the Bed and 
Coralline Crags (with remnnii early Pliocene fossils). 



Miocene 



Wanting. 



Wanting. 
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AND THEIR FOREIGN EQUIVALENTS, 





Beloittm and 
Holland. 


NoBTH AND Cen- 
tral France. 


South of Fbance. 


Italy and Sicily. 




? 


? 


? 


Sicilian (with recent 
marine mollusca). 










o Villafranoian. 










B (fluvio-lacus- 
5 trine). 

"3 






Horizon of Saint-" 








Prest, with Ele- 








plias meridion- 




>. passing into 






alis. 


■| 


^ Fossanian. 

o (littoral and 

^ estuarine). 

0) 






Horizon of Perrier, 




.| passing into 






with Mastodon 








arvernensis, Ta- 




1 






pirus, &c. 










Astian. 










Freshwater beds 


Astian. 




Sables h Trophmi 




with Semno- 


(marine, with 20 7o 




antiquus, or Scal- 




pithecus and 


extinct mollusca). 




disian. 


iVassa-beds of Saint- 
Martin d' Aubigny 
and Terebratula- 
beds of Saint- 
Georges-de-Bohon 
and GourbesviUe. 


Mastodon ar- 
vernensis. 


passing into 




Sables £l Isocardia 


Diestian sands 


Plaisancian. 


Plaisai^cian 




Cor, or Diestian. 


(unfossiliferons). 


Estuarine beds with 
Potamides Sas- 
teroti. Marine 
beds with Nassa 


or Piacentino 
(marine). 








semisiriata. 

Messinian. 
Brackish-water de- 


passing into 

Messinian, or Zan- 
clean (brackish- 
water or marine, 




Wanting. 




posits with Con- 
geria. 


with 83 7„ ex- 
tinct mollusca). 




Anversian and 




T 




passing into 




"Falun k Bryozo- 


ortonian. 


Tortonian. 




Bolderian. 


aires" of Saint- 










Eny. 
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APPENDIX I. 



TABLES OF FOSSILS. 
Section I.-- Fauna and Flora of the Land, Lakes, 

AND KlVEES. 

Table I. — Vertebkata. 
(By E. T. ISTewton, F.G.S., F.Z.S.) 
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3 


.9 

1 
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X 
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X 
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X 
X 




X 
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X 


X 












X 




X 
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X 
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X 
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X 
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X 

X 
X 
X 


X 

X 
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X 


X 


X 




X 




X 




X 
X 

X 


X 
X 


X 
X 


X 
X 

X 


X 




X 




p 

X 


X 


X 


X 
X 



Mammalia. 

(Oarnivora.) 
Felis pardoides, Owen - 
Machserodus 
Canis lupus, Zinn. 

vulpea, Linn. 

? primigenius, Lank. 

Pterodon - 

Hyaena, crocuta, Erxl. 

striata, Zitmn. 

Hysenarctos 

Ailurus auglicus, Dawk. 

Ursus arvernensis ? Cr. & Job. 

horribilis, Ord, - 

spelsBUs, Blum. 

Muatela martes, Linn. - ■ 
-■ putorius, Linn. 
Gulo luscus, Linn. 
•Lutra vulgaris, Erxl. 
• dubia, Mainv. 
Eeevli, Newt. 

(Uugulata.) 

Bison Bonasus, Linn. - 
Ovibos moschatus, Zimni. 
Caprovis Savinii, Newt. 
Antilope P 

Gazella anglica, Newt. - 
Oapreolus caprea, Gray 
Alces latifrons, Johnson 
E 60798. 



Also Red Crag ? 



U. ferox. 



Cor. Crag, Orford ? 



C. bovides, MS. 
P 
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TABLES OF FOSSILS. 



Table I. — eontinued. 



Corvus ardeus, Cr. & Job. 

carnutorum, Laug. 

Dawkinsi, Newt. 

dicranoceros, Nesti 

elaphus, Linn, - 

Btueriarum, Cr. & Job. 

Falconeri, Dcuioh. 

Fitchii, Ouwn - 

Polignacus, Robert 

rectus. Newt. • 

Savinii, Dawk. - 

Sedgwiokii, VaXo. 

suttonensiSj Dawk. 

tetraoeros, Mackie 

verticomis. Dawk, 

Xiphodon platyceps, Flower 
Hippopotamus amphibius, Linn. 
Sus antiquus P Kaup • 

palBeochcerus, Kaup 

scrofa, Linn. 

Bquus caballns, Limi. • 

Stenonis, Cocchi 

Hipparion gracile, Kirnp 
Ehinooeros inoisivus, Kaup • 

Schleienaacheri, Kaup 

etruaous, Falc. 

megarhinus, Christol 

TapiruB arvemensis, Dev. <& Bou. 

Hyraootherium leporinam, Oiven 

Coryphodon 

Mastodon, arvernensis. Or. t& Job. 

■ Borsoni, Says 

longirostris, .STaw^ - 

Blephas antiquus, Falc. 

meridionalis, Nesti 

primigenius, Bkimb. 

(Kodentia.) 
Arvicola ampMbius, Linn. 



? X 



Cervulus. 



C. Gunnii. 



or S. erymanthius. 



E, plioidens? 



Also beneath the 
CoralUne Crag. 



T. prisons of Owen. 
London Clay. 
Eocene. 



Also beriealli the 
Coralline Ora«. 

Also at Dewlish. 

Variety only in the 
Forest-bed. 



Gen. Microtus. 



VBETEBEATA — LAND AND FRESHWATEK. 
Table I.^continwed. 
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3 
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Arvicola arvalis, Pallas 




! 






y 

X 


X 
X 


X 
X 


• ■ 


Gen. Microtus. 




» 






• • 


• • 


• • 


X 




X 


.. 






« 




■ ■ 




X 


X 


X 




• . 


X 






» 


Sciurus vulgaris ? Zinn, 






• • 


• • 


X 




X 






Mus sylvaticus, Linn. • 


•• 


• ■ 






X 


.. 


X 






Caator flVier, Linn, 


X 








X 


X 


X 


.. 


C. europi3eus,Owe». 


veterior. Lank. - 


X 








• ■ 






X 




Trogontherium Cuvieri, Owen ■ 






X 




X 






X 






X 




X 










X 




(Insectivora.) 




















Talpa europsea, Linn. ■ 


■• 








X 


X 


X 






Sorex vulgaris, Linn. 






•• 




X 




X 






pygmseus, Paiiias 










X 




X 






Myogale mosoliata, Linn. 










X 




X 






AVES. 




















Bubo ignavus, Forster ■ 






•• 




X 




X 




B. raaximus. 


Phalacrocorax carbo, Linn. 


•• 


•• 






X 




X 






Anser . . . - - 


•• 








X 




V 






Anas 






•■ 




X 




? 






Spatula olypeata, Linn. 








•• 


X 


•■ 


X 






Uria troile, Linn. 






X 


•• 






X 


• • 


Also Aldeby. 


Mergulus . • - - - 


•• 




X 








X 




Yarn Hill. 


Diomedea - . - - - 


•■ 


X 




•• 


•■ 


X 


X 


•• 


Also Red Crag. 


Reptilia. 




















Tropidonotus natrix, Linn. 










X 




X 






Pelias berus, Linn. 






•• 




X 




X 






AMPHIBIi. 




















Hana temporaria, Linn. 




•• 


•• 


•• 


X 




X 






esoulenta, Linn. 










X 




X 






Bufo 


■• 




1 ■• 




X 




X 






Triton cristatus. Lour. ■ 






■■ 




X 




X 






Pisces. 




1 














Peroa fluviatilis, JAnn. - 




1 " 




X 


X 


X 






Aoerina vulgaris? Cwo.- 










X 




X 






Esox lucius, ZiwM. 










X 


X 


X 






Bnvbus vulgaris ? FUm. 










; X 




X 







p 2 
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TABLES or FOSSILS. 



Table I. — oontvmieA. 



Leuciscus rutilus, Linn. 

cephalusf Linn. 

erythrophthalmua, Linn. 

Tinea vulgaris, Cuv, 
Abramis brama, Linn. 
Acipenser - . . - 



Tabie II. — Land and Fbeshwatee Mollusca. 

The authorities for the different horizons are : Coralline Crag, S. V. 
Wood ; Eed Crag of Walton, S. V. Wood and A. and R. Bell ; Bed Crag 
of Butley, &o., S. V. Wood, Prestwich, and A. and E. Bell; Norwich and 
Chillesford Crags, S. Y. Wood, A. and B. Bell, and Prestwich ; Weybourn 
Crag and Forest-bed, Clement Reid. 





s 


o 

1 


t 


1 


s 


! 


1 








Gastekopoda. 
Ancylus liuviatilis, Miill 

lacustris, Linn. 

BuUirms, see Zua. 
Bythinia Leachii, /SAep. - 

tentaculata, Linn. 

Caryehium mlmmum, Miill. 
Clausilia perversa V MiiU. 




X 

X 


X 
X 


X 
X 

X 

X 

X 


X 

X 


.. 


? 

X 

X 
X 
X 

X 

X 
;^ 
X 

X 
X 

X 


Porest-bed(A.Bell). 

Velletia lingiilata, 
Sandb. 

C. ovatum, Sandb. 
Extinct. 

Southern. 
Southern. 


Helix arbustorum, Liwn. ■ 

tulva, Miill. ■ 

hispida, Linn. 

inoarnata, Miill. 

lactea, Miill. 


nemoralis, Linn. ■ 

pulchella, Miill. 

pyKmoea, Vrap. 


H.Haesendoncki.A'i^. 
H.tenuilimbata,Sdfi. 
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Table II. — eontmued. 
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Helix rysa, 8, Wood 




X 


X 




,. 


.. 




H. rufescens, var. P 
(G. J.). 

Extinct. 


suttoiiensis, 8. Wood 


X 












.• 


Hydrobia marginata, Mich. 

Steinii, u. Martens 

Limax modioliformis, Sandb, 












•• 


X 
X 
X 


Belgrandia nana ? 

Sandb. 
Living, Sweden and 

near Berlin. 
Extinct. 


Sowerbyi, Mr. 










• ■ 




X 




Llmnsea auricularia, Linn. 








X 




















































^ 












Pingelii ? JIfd7i. • 








X 








Arctic P 








9 








X 










X 


X 


X 


.. 


X 




Lithoglyphus fuscus, Pfr. 












X 


• • 


Living in the 


Nematura runtoniana, 8andb. 










• • 




X 


Extinct. 


Paludina gibba, 8and,b. - 








-• 


X 


X 


X 
X 


P. contectaof "Crag 
MoUusca." 

Extinct. 


. media, Woodw. ■ 




X 


X 


X 


X 




X 


Extinct. 












X 


























Physa fontinalis, Linn. 














X 




Planorbis albus, MiUl. 






X 






X 


X 




carinatus, Miill. 


• • 




• • 






• • 


X 




oomplanatus, Linn. 


• ■ 




X 


X 


X 




X 




contortus, Linn. 












.. 


X 




corneus, Linn. 






X 


X 




X 


X 


P. clathratus, Sandb. 
















X 


P. nautileus. 
















X 




■ spirorbis, Linn. 






X 


X 


.. 


.• 


X 












• ■ 




• • 


X 




Pupa edentula, Vfap. 








X 








- 


muscorum, Linn. - 






X 


X 






X 


P. marginata, Drap. 


ambilicata, Drap. 

Suooinea oblonga, Drap. - 






:: 


X 
X 




X 


X 


Tarn Hill (R. E. 
Leach). 


putris, Linn. 






X 


X 






X 




Valvata cristata, MiiU. 


• • 




.- 


X 


• ■ 




X 




. fluviatilis. Colb. ■ 














X 


Living, Belgium and 
Germany. 
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TABLES or rOSSlLS 



Table II 


— oontiivaed. 
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1 

1 


i 
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! 
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1 
1 
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Valvata pisoinalis, MiUl. - 




X 


X 
X 


X 

X 

X 

X 

X 

? 
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X 
X 

X 


X 
X 

X 


X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

? 

X 








Vertigo antivertigo, JDrap. 

Vitrina pellucida, MiUl. - - - 

Zua suboylindrioa, Linn. ■ 

Zonites, sp. - 

Lambllibeanchiata. 
Auodonta oygnea, Linn. - 


Buliraus lubricus, 

3im. 


Oorbicula fluminalie, Milll. 
Cyclas, see Spliserium. 
Pisidium. amnlcum, Mulh 


Extinct iu Britain. 
Extinct. 


casertanum, PoU 


— nitidum, Jenyns 




pusillum, Gmel. 




Sphserium comeum, Linn. 








TJnio littoralis, icMW, 
pictorum, Linn, 


Forest-bed (A. Bell). 
Southern. 



Pisidium agta/rtoides hag generally been considered to be a variety of 
P. amnicum, tbough at West Runton the two species are found side by side 
with the valves united, and among several hundred specimens of each no 
intermediate forms could be found. At present there is no agreement 
among oonohologists as to the limits of the different species in the genus 
Pisidmm, but nearly all the British forms seem to occur in the sandy 
portion of the bed at West Bunton. 

Figures of many of the Pliocene land and freshwater mollusoa will be 
found in Plate V. of this work ; in S. V. Wood's " Orag MoUusca " ; and 
in Sandberger's " Ein Beitrag zur Kenntniss der unterpleistocanen 
Sohichten Englands," PaloBontograpMca, 1880. 



OSTRACODAj COLEOPTEEA, AND PLANTS. 
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Table III. — Freshwater Osteacoda. 

Authority :— Jones and Sherbom, Snpp. Tertiary EntomoBtraca, 
Palffiontographical Soo. 



Candona Candida, Mull. • 
Oypridopsis obesa, B. & S. 
Cypris browniaua, Jones • 

gibba, Bamdohr • 

reptans, JBaird 

Cytherldea torosa, Jones - 
Darwiuula Stevensoni, B, & B. 
Potamocypris trigonalis, Jones 

■ var. IsBvis 

— — tuberoulata, Jones 



La brackish water 
r genus. 



Table IV. — Oolboptbra of the Oromer Porbst-bed. 

Donaoia linearis. Recorded by A. and R. Bell. 

serioea, Linn. Determined by 0. O. Waterionse. 

Oiceptoma dispar. Recorded by A. and R. BeU. 

Pterosticlms madidus ? Fab. Determined by C. 0. Waterhoiise. 

Numerous undetermined species. 



Table V.^Flora op the Cromer Forbst-bed. 

(No determinable plants have yet been found in other British Pliocene 

strata.) 

DiCOTTLEDONS. 

Thalictrum flavum, Lmn. (Meadow Rue.) Common. 
Ranunculus aquatilis, Linn. (Water Crowfoot.) Very common. 

repens, Linn. (Buttercup.) Common. 

Caltha paluBtris, Lirm. (Marsh Marigold.) Mnndesley. 
Nuphar luteum, Lwm. (Yellow Water-lily.) Very common. 
[Nymphsea alba, Lvnn.l. King collection only — doubtful. 
Viola palustris, Linn. (Marsh Violet.) Common. 
Stellaria aquatica, Scop. (Water Chickweed.) Beeston only. 

media P Li/nn. (Chickweed.) Overstrand only. 

Acer campestre, Lvnn. (Lesser Maple.) Abundant at Pakefleld. 

Prunus communis, Suds. (Sloe.) Rare. 

Rnbus fruticosus, Ifi»m. (Blackberry.) Mundesley and Pakefleld. 

Poterium officinale, flbofe. (Great Burnet.) Mundesley and Sidestrand. 

Cratsegus Oxyacantha, Linn. (Hawthorn.) Overstrand. 

Hippuris vulgaris, Lirm. (Marestail.) Very common. 

Myriophyllum spicatum, Lirm. (Water Milfoil.) Common. 

Trapa natans, Linn. (Water Chesnut.) Sidestrand, Mundesley, Ostend, 

Pakefleld. 
(Dnanthe Lachenalii, Ghml. Mundesley and Pakefleld, 
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[Peucedannm palustre, Moench.] A wfoiig determination. 

Heraoleum Sphondylinm, Linn. (Hogweed.) Pakefield. 

Oornus sangainea, Linn. (Cornel.) Happisburg and Pakefield. 

Bidens tripartita, Linn. (Bur Marigold.) Mundesley and Pakefield. 

Oarduus lanceolatus ? Linn. (Spear Thistle.) Bare, fruit small. 

Lapsana communis, Linn. (Nipplewort.) Pakefield. 

Pibris hieracioides, Linn. Pakefield. 

Menyanthes trifoliata, Linn. (Bog Bean.) Common. 

LycopuB europEeus, Linn. (G-ipsywort.) Mundesley and Pakefield. 

Stachys palnstris, Limn. Beeston. 

Atriplex patula, Linn. Common. 

[Suffida maritima, Dum.^ A doubtful determination. Perhaps Atriplex. 

Polygonum, sp. Pakefield. 

Eumex maritimus, Linn. (Golden Dock.) Common. 

crispus P Linn. (Curled Dock.) Sidestrand. 

Aoetosella, Linn. (Sheep Sorrel.) Beeston. 

Euphorbia amygdaloides, Linn. (Wood Spurge.) .Mundesley and Pakefield. 
Ulmus, sp. (Elm.) Happisburgh only. 
Betulaalba, Linn. (Birch.) Common. 
Alnus glutinosa, Linn. (Alder.) , Common. 
Carpinua Betulus, Linn. (Hornbean.) Abundant at Pakefield. 
Corylus Avellana, Linn. (Hazel.) Oatend and Pakefield — rare. 
•Quercus Robur, Linn. (Oak.) Com.mon. 
Fagus sylvatica Linn. (Beech.) Happisbxirgh only. 
Salix cinerea, Linn. [Mundesley — A. Q-. Nathorst. ] 

2 sp. (Willows.) Badly preserved leaves of two other species occur; 

Ceratophyllum demersum, Linn. (Hornwort.) Common. 

Gtmnospeems. 

Taxus bacoata, lAnn. (Yew.) Common. 

Pinus sylvestris, Linn. (Scotch Fir.) Abundant. 

abies, LiMn. (Spruce.) Abundant. 

MoNOCOTyLEDONS. 

Sparganium ramosum, Gurtis. (Bur Reed.) Common at Pakefield. 
Aliama Plantago, Linn. (Water Plantain.) Common. 
Potamogeton heterophyllus, Sehreb. (Pondweed.) Abundant. 

. luoens, Linn. Pakefield and near Cromer. 

prselongus, Wulf. Lower Freshwater Bed near Cromer. 

crispus, Linn. Abundant. 

- trichoides, Gham. Abundant. 



— pectinatuB, Linn. Abundant. 



Zannichellia palustris, Linn. (Horned Pondweed.) Common. 
Sclrpus pauciflorus, Lightf. (Sedge.) Common. 

— . csBspitosus, Lin/n. Abundant. 

flnitans. Limn. Beeston. 

[ setaoeus, IAnn.'\ A wrong determination. ' 

laoustris, Linn. Common. 

Briophorum angustifolium. Both. (Cotton Grass.) Cromer and Gorton. 
[Oladium germanioum, Schrad.'] A wrong determination. 
Oarex remota, Linn. (Sedge.) Pakefield. 

. paludosa, Oood. Pakefield. 

I'iparia, GurUs. Overstrand and Pakefield. 

Phragmites communis, Trin. (Reed,) Common. 

CBTPTOeAMS. 

Osmunda regalis, Linn. (Royal Fern.) Common. 
Isoetes laoustris, Imm. Beeston, one macrospore. 
Brachytheoium plumosum, 8wa/rtz. Pakefield. 
Amblystegium fluitans. Mitt. Pakefield. 
Eurynchium SwartziJ, Turn. Pakefield, 
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TABLES OF FOSSILS. 

Section II. — F'auna of the Sea. 

Table VI. — Vbktebbata. 
(By E. T. Newton, F.G.S., F.Z.8.) 















'p 


"S 


p 


w 



Mammalia. 

(Camivora.) 
Phoca barbata, Fab. 

Moori, Newt, 

Phooanella minor, Van Ben. 
Triclieclius Huxleyi, Lank. 

(Sirenia.) 
Halitherium Canhami, Flower 

(Cetacea.) 
Balsena biscayensis, Oray 

afflnis, Owen 

primiKenia, Van Ben. - 

inBignis, Van Sen. 

■ balsenopsis, Van Sen. • 

sp. 

Mogaptera affinis, Van Ben. ■ 

similis, Van Ben. 

minutaj Van Ben. • 

Batenoptera deBnita, Owen • 

GoTopi, Van Ben. 

—^— borealina. Van Ben. 

emarginata, Owen 

Cetotheriiim Brialmonti, Van Ben. ■ 

dubium, Van Ben. 

Hupschi P Van Ben. 

_^_— brevifrons, Van Ben. ■ 

Herpetocetus scaldiensis, Van Ben. - 
Physeter maorocephalus, Linn. 
Eucetus amblyodon, Vu Bm - 
Balsenodon physaloides, Owen 



Chillesford Clay. 



• A few of the specimens in the Nodule Bed may belong to the Red Crag, but at present 
they cannot be separated (see p. 16). 
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Table 'V'i.—eontinMed. 



Physeterula Dubusi S Van Ben, 
Physodon grandis ? Ba Bus - 

fuaiformis P Dtt Bus 

Hoplooetus borgerhoutensis f Du Bus 
.-^— ^— ci-assidens ? Gerv. 

ourvidens ? Oerv. 

Hyperoodon, sp. - 
ChonezipWua planirostris, Cuv, 
^^— — planus, Owen, 

Paokardi, lank. 

Meaoplodon longirostris, Cuv 

-^— ^ tenuirostris, Owen 

gibbus, Owen 

^— — ^ angustus, Owen 

angulatus, Owen 

oompressus, Huxley 

Ploweri, Cottham MS. 

acaphoides, Ifewt. 

Saualodon antwerpienaia, Van Ben. 
Orca oitoniensia, Capellini 
Globioephalua unoldena, Lani. 
Monodon monooeros, Linn. 
Delpbinapterus leucua, Pallas 
Belphinua delphis, Mnn. 
Turaiops tursiof -BoM». 
Phoosona communis, lAnn. 

PI30E3. 

Oliwaophrys 
Platax "Woodwardi, Jff. 
Anarrhiohaa lupus, Iiinn. 
Gadus morhua, Linn. - 

pseudo-aeglefinus, N'eift. 

luacus, Linn. 

mlnutus ? Linn, 

merlangus, Linn. 

virens ? Linn. - 

poUachius, Linn. 

eljgana, Kokon - 



Non M. Floweri, 
V. Haast, 



Aldeby. 



Allied to Haddock, 
Also in Hed Crag C 
KedCrag. 



Also St. Erth. 



X ' Red Crag t 
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Labrus - . . 

Thynnus thynnus, lAnn. 

scaldiensis, Storms, 

Pleuroneotes 

Arius 

Phyllodus - 

Fisodus - 

Pyonodus - 

Gyi'odus - 

Lopidotus 

Acipenser - 

Caelorhynchus 

Sdaphodon 

Blasmodns Hunteri, JEg. 

Galens oanis, Idnn, 

■ sp. - • 

Cetorhinus maximus, Cuv. 

Oaroharodon megalodon, Ag. 

Rondeleti, Miill, 

Lamna (Otodus) obliquus, Aff. 
Oxyi-hina hastalis, Ag. • 
Odontaspis contortidens, Ag, 

elegans, Ag. 

Notidanus gigas, Sismonda 
Ptycodus polygyrus, Ag. 
Aetobatis - - - 

Khinoptera M'oodwardi, Ag. 
Myliobatis Dixoui, Ag. - 

toliapious, Ag. 

Kaia clavata, Linn. 

batis, Mont. 

sp. - 

Pristis 

Squatina 

Acanthias vulgaris, Bisso 



Also Scaldisian. 

Eocene, 
iondon Clay. 
Derived. 
London Clay. 
Derived. 
Derived. 

Eocene. 
Derived. 
Eocene. 
Also St. Brth. 



Also Nod. Bed of 
oi Cor. Crag? 



Derived? 

Including 0. xi- 

phodon. 
Part derived. 

Part derived. 



Chalk. 
Eocene. 



Eocene. 
Eocene. 



Eocene. 
Derived P 



Further information, and lists of rejected species, will be found in E. T. Newton's Memoir 
on " The Vertebrata of the Forest-Bed Series," Beol. Survey ; and in a forthcoming Memoir 
on'tho Pliocene vertebrata, also Geol. Survey. 
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A very doubtful species (S. W.). 
Margarita trochoidea, 5. PTood (G. J.). 
Trochus Duminyi, Beq. (G. J.). 




A. supranitidus, var. (G. J.)* 

Aclis -Walleri, Jeff. (S. W.). 
In part A. ascaris (G. J.)- 


Boyton, horizon doubtful (S. "W".). 
A very doubtful determination. 
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0. varicosa, Broc. (G. J.). C. Lajonkairi, Nyst. 

Admete Reedu, vl. Bell (S. W.). 
Derivative in Red Crag (S. W.). 

Piliscus commodus, Midd. (G. J.). 

0. ungaricus, var. (G. J., Nyst). 

A doubtful species (S. W.). 

C. militaris, Mont, non Linn. (S. W.). 0. ungaricus, 

jun. (G. J., Nyst). 
Doubtful species (S. W.). C. ungaricus, var. (Nyst). 

Derivative In Red CragP (S. W.). C. tyrrhena, var.P 

(G.J.). 
Derivative in Red Crag (S. W.). 

Specimen lost (S. W.). 
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Cassidaria bioatenata, J. Sow. 
Cassis Saburon, Brug, 
Cemoria noaehina, Linn. - 

Cerithiopsis lactea ?i»fo«. - 
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Derivative (S. "W.). 
E.distorta, PM. (G. J.). 

Not E. subulata (G. J.). 

E. terebellata, var. (6. J.). 

Derivative in Red Crag? (S. W.). 

F. japoniouB, A. Adams (G. J.). 
F. costatus, Broe. (G. J.). 
Derivative (S. W.). 
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Living, deep Atlantic (G. J.). 

Derivative (S.W.). 

Perhaps Patella vulgata, jun. (S.W.). 

T. PTtilis, Bell (S.W.). T. inveraa, var. (G. J,). 
Columbella minor, Seac P (G. J.). 

Derivative in Eed Crag (S.W.). T. cntaeeus (G. J.). 

T. heptagonum, var. P 
Elongated variety (C. E.). 

Derivative in Eed Crag (S. W.). 

T. Adansoni, var. (K. & B.). 
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Terebratula grandis, Blum. - 
Terebratnlina caput-serpentis, Linn. 
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Table VIII. — Polyzoa. (Beyozoa). 

Authorities : — Busk's " Crag Polyzoa," Pateont. Soc. A. and R. Bell, 
" On the English Crags," Proa. Geol. Assoc, Vol. II., pp. 185-218, 270-272. 
Hincks, " British Marine Polyzoa." 
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Aleoto dilatans, Johnst. 
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Alveolaria semiovata, Busk 
Alysidota catena, S. Wood 




Biflustra delicatula, JBusk 
Cellepora cespitosa, Susk 


Australia, &c. 










echinata, Michel. 

edax, Busk 


Faluns. 




scruposa, Bttsk 




Crisia denticulala ? Law. 
Cupularia canariensis, Busk • 
denticulata, Conrad 


Also GourbesviUe. 
Also Lenham Beds. 


Defrancia rugosa, Busk • 


Also Grourbesville. 


Diastopora simplex, Busk 
Discoporella grignonensis, M. JEdw. - 




Eschara corauta, Busk - 
incisa, M. Edw. 


Faluns. 
Faluns. 




Falui^. 




Italian Pliocene. 














Fascioularia aurantiiun, M. Edw. 
tubipora. Busk 


Also Lenharu Beds 
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Table YUl.^continued. 



Plustra dubia, Sush 
Tungella intundibnlata, JBusk - 

multifida, Stwlc 

— ■ ■ quadriceps, Busk 
Eemeschara imbellis, Busk 
Heteropora clavata, Gold/. 

■ — laevigata, B'Orb. 

pustulosa, B%isk 

• reticulata, Busk 
Heteroporella parasitica, Busk 

' radiata. Bush 

Hippothoa abstersa, S. Wood 

dentata, S. Wood 

patagonica. Busk 

Hornera canaliculata. Busk 

• frondiculata, Lamonr. 



— hippolyta f jD^r. 

— humilis, Busk - 

— infundibulata, Busk 

— luuata, JB««i - 

— pertusa. Sink 

— reteporacea, M. JEdw, 

— rhipis. Busk - 

— rhomboidalis. Busk 

— striata, M. Bdw. 



Idmonea delioatula, Busk 

— fenestrata. Busk 

^—^-~ intrioaria, Busk 

• punctata, D' Orb. 

Lepralia ansata, Johnst. 

. biaperta, Michel, 

. bicomis. Busk ■ 

• bowerbanltiana. Busk 
^—— Erongniartii, And. 

• ciliata, Liim. • 
figularis, Johnst. 

— haimeseana, Busk 



Cretaceous. 



Also Gourbesvillc. 
Falims. 



Faluns. 



Faluns. 



Faluns. 



Cretaceous. 



Arctic and Florida. 
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Table VIII. — eoniimted. 



Xie'pvaMa, hyalina, Zinn. • 

infundibulata, Bue!c 

Innominata, Omoh 

— — — lobata, Siiak - 

Malusii, .^«c2. • 

— ^-^— mamillata, S. Wood 

megastoma, S, Wood 

milneana, Susk 

momsiana, Susk 

•^^ — pallaslana, Moll. 

papillata, Biisk 

' Feaohii, Jolmst. 

plagiopora. Busk 

punctata, Hassall 

— — punoturata, S, Wood 

-— pyriformis, S. Wood 

reussiana. Busk 

—^^ nnicomis, Johnst. 
'■ variolosa, Johnst, 

ventricosa, Hassall 

violaoea, Johnst. 

. woodiana. Busk 



Udw. 
Mich. 



Lunulites conioa, Befr, 
Melioerita Charlesworthii, M. . 
Membranipora andagavensls, . 

■ aperta, Bmk 

• bidena, Hag. 

. — cateuularia, Jameson ■ 

■ dubia. Busk 

— fissurata. Busk 

nolostoma, S. Wood • 

- Lacroudi, Aud. 

. monostachys. Busk ■ 

■ • oblonga, JBmsS - 

oceani, D'Ort, • 

Pouilletii, Aud. 

rynchota, Busk 

• Savartii, Aud, - 



Also St. BrtU. 



Also St, Brth. 



Faluns. 

Faluns and St, 

Erth. 
H. Smlttii. 



Chalk 



Cretaceous. 
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Table YIII. 


— continued. 
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Membranipora trifolium, S. Wood 
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X 
X 
X 

X 

X 

X 

X 
X 


Living on Sar- 

gassum. 

Also Gourbesville. 


Mesenteripora meandrina, S. Wood - 
Multizonopora ramulosa. D'Orb. 
Patinella proligera. Busk 
Pustulopora clavata, Busk 






Reptomulticavamacropora, D'Orfi. - 
Itetepora beaniana. King 












Salicornaria crassa, S. Wood 


Also St. Erth. 


Serupocellaria scruposa ? Linn. 
Tubulipora flabellaris, Johnst, - 
phalangea. Couch 



Table IX. — Maedte Ciotstacea. 
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Acasta undulata, Darw. 

Atelecyclus, sp. 

Balanus bisuloatus, Darw, 

calceolus, Pallas 

concavus, Sronn 

crenatuUf Braff. 

dolosns, Darw. 

Hameri, Aso. ■ 

■ inclusus, Darw. 

poioatus. Da C, 
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Balanus spongicola, Brown 

tintinnabulum, Linn, 

Cancer pagurus, Linn. 
Garcinus msenas, Linn. 
Coronula barbara, Varw. 
Ebalia Bryerii, Leach 
Gonoplax angulata. Leach - 
Maia squinado, Leach - 

Pagurus Bemhardus, Fabr. - 

Portunns puber, Unn. 

depurator. Leach • 

Pyrgoma anglioum, G. S. Sow. 

Scalpellum magnum, 5. Wood 

Verruca Stromia, Mjill. 

(Oatracoda.) 
Aglaia? cypridoides, J. & S. • 
Bairdia fusca P Brady 

rhomboidea, J. & S, 

sp. 

Cythere angulata, Sars. 

■ baccata, J. & S. 

Charlesworthiana, J. & S. 

■ convexa, Baird 

dictyosigma, Jones 

lachrymalis, J. t& 8. 

Isesa, J.&S.- 



laqueata, Jones 

latimarginata, Speyer 

macropora, Jones 

— polyptycha, Beuss 

— recurata, J. & S. 

— Reidii, J. <& S. 

— retifastigiata, Jones 

— sublacunosa, Jones 

— trachypora, Jones 

trigonula, Jones 

— . viliosa. Sari. • 
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Cythere 'Woodiaiia, Jones 
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Cythereis Hoemesi, Speyer ■ 








Cy therella sp. - 
Cytlieridea ©longata, Bra&y - 












Cytherideis botellina, Jones ■ 




Cytherura clathrata, Sars - 
Loxoconcha tamarindus, Jones 
Potamocypria trigonalis, Jones 











Table X. — Annelids. 
(Authorities -.—A. & R. Bell, and S. V. Wood.) 



Cyclogyra multiplex, S. Wood 
Ditrupa gadus, Mont. 

sutalata. Berk. 

Sabellaria conohllega, Phil. - 
Serpula triquetra, Linn. 

vermicularis, Linn. 

Spirorbis carinatus, Mont. - 

granulatus, Mont. 

heteroBtrophus, Mont. 

. nautiloides f Lam. 

— sinistrovsus, Mont. 

__—..— Bupraplana, S. Wood 
Vermilia tricuspldata. Sow. - 



•• 
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Table XI. — Echinodeemata. 
Authorities: — E. Forbes, " Tertiary Echinodermata " ; A. & R. Bell. 



Amphidetus oordatus, Pen. 
Brissus ScilliE, Ag. 
Comatula Brownii, Forbes 

Kansomi, Forbes 

Woodward!, Forbes 

Cuoumai'ia, sp. - 
Eohinarachinus f Woodii, Forbes 
EcMuooyamus hispidulus, Forbes 

oviformis, Forbes 

'— pusillus, Miill. 

suffoloiensis, Ag. 

Echinus Charlesworthfi, Forbes 

Henslovii, Forbes 

■ Lamarckii, Forbes 

lividus, Midi. - 

Lyellii, Forbes 

Melo P Zam. • 

miliariSj Leshe 

Woodwardi, Desor. 

Spatangus purpureus, Mnll. 

regina, Gray 

Temneohinus excavatus, 8. Wood 

globosus, Forbes 

melocactus, Forbes 

turbinatus, Forbes 

Toxopneustes drobachiensis, Mull. 
tJraster rubens, Betz. • 
sp. ■ . . 



Kendall & Bell, 



E. sphjKVa P 
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Table XII.— Actinozoa. 
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Balanophyllia calyoulus. Wood 
Cryptangia 'Wooclii, E. & H. 
Flabellum Woodii, E. & H. 
Solenastrea Prestwiohii, Bunc. 
Sphenotrochus intermedius, Munst, 

boytonensis. Tomes 

n. sp. f • 

Trococyathus anglicuSj Dune. 



Derivative ? 



Table XIII. — Pokaminipeila. 

Authorities : — Jones, Parker, and Brady, " Crag Foraminifera " ; T. W. 
Millett, Foraminifera of the St. Erth Clay. 



Alveolina, sp. 

Ampbistegina vulgaris, If Orb. 
Bigenerina nodosaria, D^Orh. 
BilocuUna depressa, D*Orb. 

clongata, B*Orb. 

' ringens, Lam. 

Bolivina dilatata, Eeuss 

laevigata. Will. 

plicata, D'Orb. 

punctata, D*Orb. * 

robusta, Brady 

textilariodes, Beuss 

Buliminnaculeata, I>'Grd. - 
affiuis, D'OrJ. 
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Buliminaelegans, D'Orfi. - 
elegantissima^ B'Orb. 

marginata, jyOrh. 

pupoides, B'Orb. ■ 

Oalcarina rarispina, B'Orb. 

Cassidulina Bradyi, Norm. ■ 

crassa, B'Orb. - 

laevigata, B'Orb. 

oblonga, B'Orb. 

Corimspira foliacea, Phil. 

involvens» Beuss. 

Cristellaria orepidnla, F. & M. 

cultrata, Montag. 

rotulata. Lam. - 

Dendritina arbuscula, B' Orb. 

Dentalina obliqua, Linn. 

obliquestriata, Eeuss 

pauperata, B'Orb. 

Dimorpliina nodosavia, Beuss 

tuberosa, B'Orb. 

Discorbina globularis, B'Orb. 

orbicularis, Terq. 

patelliformis, Brady 

parisiensis, B'Orb. 

rosacea, B'Orb. - 

^ turbo, D'Orb. 

Wrightii, Brady 

Faujasina carinata, B'Orb. 
Glandulina laevigata, B' Ori. 
iaiobigerina buUoides, B'Orb. 

cretacea, B'Orb. 

Lagena acuta, Beuss 

apiculata, Beuss 

■ bicarinata, Terq 

clavata, B' Orb. 

globosa, Mont. 

■ gracillima, Seg. 
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Tabie XlLI.—aontw/ued. 



Lagena hexagona. Will. 

Iseyigata, Seuss 

Icevis, Mont. 

lagenoidesi Will. ■ 

lineata. Will. 

luoida. Will. 

Lyellii, Seg. • 

marginata, W, t& B. 

melo, D' Orb. 

orbignyana, Seg. • 

omata, Will. 

quadrata. Will. 

var, semialata 

seminiformis, Schw. 

semistriata, IfOri. 

sciuamosa, Mont. - 

striata. If Orb. 

sulcata, W.(^ J. • 

trigono-marginata, P. & J. 

trigono-oWonga, Seg. 



Marginulina glabra, D'Orb. 

rapbanus, D'Orb. 

Miliolina agglutinans, D'Orb. 

bioornis, W.&J,- 

I'erussaoii, D'Orb. 

oblonga, Mont. 

pulohella, D'Orb. • 

solerotioa, Karrer 

seoans, U'OrS. 

seminulum, Mnn, 

. subrotunda, Mont. 

tenuis, Ozjzek 

. - triangularis, D'Orb. 

. trioarinata, D'Orb, 

trigonula, Lam. - 

— undosa, Karrer ■ 

Nodosaria pyrula, X>' Orb, • 
. — raphamis, Linn. ■ 



Triloculina, 
Quinquelooulina, 



Quinquelooulina. 

Quinquelooulina. 
Quinqueloculina. 
Triloculina. 
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Nodosaria raphanistrum, Linn. 

scalaris, Batsch • 

■• simplex, Silv. 

(Dentalina) brevis, Menss 

guttifera, D'Orb. 

Nonionina communis, D'Orb. 
— — — depressiila, W. & J, 

faloa, F.&M. • 

scapha, F. & M. 

stelligera, D'Orb. 

umbilicatula, Mont. 

Orbioulina adixnoa, F. & M. 

compressa, D'Orb. 

Orbitoides Faujasii, Defr. - 
Orbitolites orbiculus, Forsk. 
OvuUtes elongata. Lam. 
Patellina oorrugata. Will. • 
Planorbulina Haidingerii, D'Orb. ■ 

mediterranensis, D'Orb. 

vmgeriana, D'Orb. 

Polymorphina sequalis, D'Orb, 

— -,— . amygdaloides, Setiss 

. communis, D'Orb. 

complanata, D'Orb, 

compressa, D'Orb. 

gibba, D'Orb. 

gutta, D'Orb. 

hirsusta, B.. P. & J. 

laotea, W. & J. 



- oblonga, Will. 

- problems, D'Orb. 

- rugosa, D'Orb, 

- Thouini, D'Orb. 

- tubulosa, DOrb. 



Polystomella arctica, P. & J. 

crispa, LivM. • 

macella, F. & M. 

, striato-punctata, F. & M, 

PuUenia sphreroides, If Orb. 
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Table XIII. — continued. 



g 



Pulvinulina auricula/, F.&M. 

elegans, S'Orb. 

Earsteni, Senas 

— oblonga. Will. • 

pulchella, D'Orb. 

repanda, F. & M. 

Quinqueloculina Brongniartii, D'Orb. 

Perussacii, D'Orb. 

Bhabdogonium tricarinatum, D'Orb. 
BiOtalia Becoarii, Linn. 

calcar, D'Orb. 

dentata, P, & J. 

nitida, Will. - 

orbicularis, jD'Orfi. • 

punctato-granosa, Seg. 

Splrillina vivipara, JBhr. 
Spirolina cylindracea. Lam. 
Spiroloculina canaliculata, D'Orb. 

excavata, D'Orb. 

limbata, D'Orb. 

planulata. Lam. 

Textularia agglutinans, D'Orb. 

gibbosa, D'Orf. - 

gramen, D'Orb. - 

quadrilatera, ScTiw. 

saggitula, Defr. ■ 

trochus, D'Orb. • 

Truncatulina Haidingerii, D'Orb. 

lobatula, W. & J. 

relulgeng, Mont. 

tenuimargo, Brady 

ungeriana, D'Orb. 

. variabilis, D'Orb. 

Ilvigerina angulosa, Will. • 

irregularis, Brady 

Taginulina linearis, Mont. ■ 
Vemeuiliana communis, D'Orb. 
Virgulina schreibersiana, Czjzek 



SPONGES, &C. 289 

Ttmioates are represented in the Pliocene strata by a single species, 
probably LeptodHnwm tenue, of which, the spicules have been found at 
St. Erth by Messrs. Kendall and Bell. The only Pliocene hydrozoa are 
two species of Hydractinia, M. cwcumvestiens, S.Wood, ani H. pUocena, 
AUm. The former is very abundant in the Coralline Crag, usually grow- 
ing on Trophon alveolatus, but sometimes upon other gasteropods. Of 
sponges the only indications are the perforations made by Gliona, and some 
spicules belonging to the Calcisponges noticed by Dr. Hinde as occurring 
abundantly at St. Erth. 
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APPENDIX II. 



BIBLIOGRAPHY OF WORKS RELATING TO THE 
PLIOCENE STRATA.* 

1. Pdblications of the GrEOLOdicAL Survey. 

Ma^s. — Scale, one inch to a mile. 

Sheet 3. [Sands on the Downs near Folkestone and Paddlesworfch, by 
F. Drew, W".' Topley, and 0. E. Hawkins.] 1876. 

48 N.B. [Coralline Crag of Gredgrave, Satton, and Ramsholt ; 

Bed Crag of Ipswich, Harwich, Butley, &o., by W. Whitaker and W. H. 
Dalton.] 1882. 

48 N.W. [Coralline Crag of Tattingstone ; Eed Crag of Ipswich, 

Manningtree, Hadleigh, &c., by W. "Whitaker and W. H. Dalton.] 1882. 

48 S.E. [Eed Crag of Walton, and Beaumont, by W. Whitaker.] 

1876. 

49 N.W, [Norwich Crag, Ohillesford Clay, and Pebbly Gravel 

of Dunwioh, Westleton, Southwold, Easton Bavent, Covehithe ; Kootlet- 
bed of Kessingland, by W. Whitaker and J. H. Blake.] 1883. 

49 8.W. [Coralline Crag of Aldborough ; Norwiph Crag of 

Thorpe, by W. Whitaker and W. H. Dalion.] 1883. 

50 N.E. [Norwich Crag, Ohillesford Clay, Pebbly Gravel of 

Westleton, and Halesworth, by W. Whitaker and W. H. Dalton.] 1883. 

50 S.E. [Coralline Crag of Orford, and Sudbourn ; Red Crag, 

and Chillesford Clay of Butley, Ohillesford, Woodbridge, Saxmundham, by 
W. H. Dalton.] 1883. 

66 N.B. [Norwich Crag, Chillesford Clay, Weyboum Crag of 

Norwich and the Bnre Valley, by H. B. Woodward and 0. Beid.] 1882. 

66 S.E. [Norwich Crag, Ohillesford Beds, and Pebbly Gravel 

of Beecles, Aldeby, Ditchingham, Stoke Holy Cross, Reedham, by H. B. 
Woodward, J. H. Blake, and C. Reid.] 1881. 

67 S.W. [Forest-bed Series of Gorton and Pakefield, by J. H. 

Blake.] 1882. 

68 E. [Eorest-bed Series and Crag of Oromer and Aylsham, 

by H. B. Woodward and 0. Reid.] 1883. 

Sections. 

Sheet 127, by 0. Reid. The Norfolk Cliffs from Happisburgh, through 

Oromer .... to Weybourn. (Scale 18 inches to the 

mile.) [Does not give details of the Pliocene Beds] ; Explanation of 
Section 8vo. (1882.) 

128, by J. H. Blake. The Cliffs of Kessingland, Pakefield, and 

Gorton , Suffolk. (Scale — horizontal 36 inches to the mile ; vertical 40 feet 
to the inch) ; Explanation of Section 8vo. (1884.) 

Memoirs. 

Aldborough, Eramlingham, Orford, and Woodbridge. The Geology of 
the Country around. By W. H. Dalton and W. Whitaker. (Sheets 49 S. 
and 50 S.E.) (1886.) 

Colchester. The Geology of the Neighbourhood of. By W. H. Dalton. 
(Sheet 48 S.W.) (1880.) 

* Including those Monographs and Memoirs relating to foreign Pliocene deposits 
and their fossils, that will be of service to the student of British Pliocene Geology. 
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Cromer. Geology of the Country around. By Clement Eeid. (Sheet 
68 E.) (1882.) 

East Dereham. The Geology of the Country around. By J. H. Blake. 
(Sheet 66 N.W.) (1888.) 

Essex. ST.W. part of, and N.E. part of Herts. Geology of. By W. 
Whitakeb. (Sheet 47.) (1878.) 
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Bramerton, 123, 125. 

Cod in the Eorest-bed, 164. 

Cogels, P., on the Pliocene of Belgium, 
44, 51, 99, 209. 

Colchester, W., on amount of phosphate 
raised, 16,17; on fossils of the Nodule 
Bed beneath the Coralline Crag, 11. 

Coleoptera of the Forest-bed, 231. 

Colman, J. J., on sections at Corton, 
176 ; collection belonging to, 168, 169. 

Colour of the Coralline Crag, 29 ; of the 
Bed and Norwich Crag, 105 ; of the 
Weybonm Crag, 140. 

Coltishall, Crag of, 115, 116, 129. 

Comatula in the Coralline Crag, 40, 283. 

Congeria beds, 211-213, 220, 223. 

" Conglomerat b, Terebratules," 67, 68. 

Consolidation of the Coralline Crag, 29, 
36, 37. 

Contemporaneous erosion in the Coral- 
line Crag, 30, 36 ; in the Forest-bed, 
151, 167 ; in the LedcMnyalis Bed, 
194 ; in the Red Crag, 96, 102, 105. 

Continental connection in Pliocene limes, 
186, 188, 189, 210, 218-220. 

Contortions in the Chillesford Series, 134 ; 
in the Forest-bed, 163, 164. 

Conus Dujardini, 13, 57, 58. 

Conybeare, Eev. W. D., on the age of 
the Crag, 72. 

Coprolite beds, 6-18. 

" Coprolite," analyses of, 7, 17, 18. 

Coralline Crag, 2, 3, 8-11, 15, 18-41, 
56-58,73,145,211-216, 222; age of 
the, 73 ; conditions of deposit of the, 
36, 37, 39-41, 70 ; Nodule Bed beneath 
the, 9, 10, 11, 18, 34, 96; origin of 
the name, 19; tables of fossils of the 
225-229, 231-289. 

Coralline Crag compared with the 
Diestian, 21, 22, 56, 57, 69, 70, 221 ; 
with the Faluns, 67 ; with the Pliocene 
of Normandy, 68, 69 ; with the St. 
Erth Beds, 64; with the Walton 
Crag, 75, 82-84. 



Coralline Crag boulders in later deposits 

84, 89, 94, 95, 103. 
Coralline Crag reefs in Newer Pliocene 

sea, 76, 77, 94, 95, 103. 
Coralline Crag shells in Bed Crag, 

derivatiTe, 75, 77-79, 81, 90, 96. 
Corals in the Coralline Crag, 19-21, 39, 

40, 284. 
Corbiculajluminalis, 106, 156, 184, 186. 
Cornel in the Forest-bed, 178, 185. 
Cornwall, Pliocene of, 2, 3, 59-70,211, 

222 ; Pliocene contours of, 60, 64-70. 
Correlation of British and foreign 

Pliocene strata, 4, 5, 21, 44, 50-58, 

67-70, 98, 99, 209-223. 
Corsica, Pliocene of, 211. 
Corton, Forest-bed of, 135, 174-177 

Pebble Gravels of, 200.«i 
Coryphodon in Nodule Bed, 8, 12, 14. 
Cotentin, Pliocene of, 67-69, 211, 223. 
Courtrai, Terebratula grandis found 

near, 50. 
Covehithe, Chillesford Clay of, 134, 

179 ; Pebble Gravels of, 201. 
Crabs from the Coralline Crag, 27, 40 ; 

from the St. Erth Beds, 62. 
" Crag," use of the term, 3, 113. 
Crag as manure, 72. 
Cringleford, Pebble Gravels near, 120. 
Cromer, elephant remains from, 146 ; 

Forest-bed at, 159, 160 ; Leda-myalis 

Bed at, 193 ; Weybourn Crag of, 82, 

139. 
Cromer Forest-bed, 2, 4, 130-132, 134, 
137, 141, 146-190,212, 216-219,222. 
Crostwick, Crag of, 114, 127. 
Crowfoot, W. M., on Crag of Aldeby 

and Beccles, 109, 110; on Crag of 

Bunwich, 103. 
Crustacea, Tables of, 231, 280-282. 
Cryptangia Woodii, 40. 
Cucumaria from St. Erth, 62. 
Cupularia canariensis at Lenham, 58. 
Current-bedding in the Coralline Crag, 

24, 25, 30, 36, 37 ; in the l?ed Crag, 

73-81, 83, 87, 88, 91, 97, 101. 
Currents in the Ked Crag sea, direction 

of the, 77. 
"Cyprids in the Forest-bed, 153 ; tables 
of, 231, 281,282. 



D. 

Dale, S., on Crag of Harwich, 71, 72, 85. 

Dalton, W. H., on Coralline Crag, 26- 
29 ; on Crag at Harleston, 111; on 
Nodule Bed, 9 ; on Pebble Gravels, 
200 ; on Bed Crag, 81, 82, 94, 97, 98, 
105. 

Danes Barn, Red Crag at, 87, 88. 

Darwin, C, on Crag Cirripedes, 21, 40, 
280, 281. 

Dean's Hill, Lenham Beds near, 48. 

Deben River, Coralline Crag near the, 
33-35 ; Red Crag near the, 75, 92, 93. 
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Decalcification in Chillcsford Clay, 132 ; 
in Crag, 80, 88, 89, 94, 100; in Dies- 
tian Beds, 51 ; in Forest-bed, 153, 154, 
162, 168, 175; in Lenham Beds, 45, 
46, 50 ; in sand of St. Agnes Beacon, 
66, 67. 

Deer, Pliocene, 99, 181-183, 186, 218. 

De la Beche, Sir H. T., on Tertiary de- 
posits of St. Agnes Beacon, 66, 67. 

Delheid, M., on Scaldisian of Antwerp, 
99. 

Denudation of the Pliocene strata, 3, 4, 
24 ; of the underlying rocks, 2, 3, 6, 
12, 46, 51, 52, 60, 66, 67, 69-71, 82, 
85, 86, 112, 118, 139-141, 187, 188, 
207, 213. 

Deperet, Dr. C., on Pliocene of France, 
212, 217, 218. 

Deposits of Doubtful Age, 191-208. 

Depth of Pliocene sea, 23-25, 36, 37, 
39, 41, 52, 53, 58, 61-70, 73-78, 111, 
112, 131, 189, 192,221. 

Derivative fossils of the Coralline Crag, 
10, 11 ; of the Red Crag, 6-15, 21, 
75, 77,96 ; of the Forest-bed, 158, 188. 

Deshayes, G. P., on Crag moUusca, 72. 

Desnoyers, J., on the age of the Crag, 

20, 73. 

De Stefani, Prof., on Pliocene of Italy, 

215, 220. 
Devil's Brook, gravels near the, 206-208. 
Devonshire, plateau gravels of, 206. 
Dewlish, mammaliferous gravel of, 2, 4, 

206-208, 222. 
Diemerbrug, Pliocene of, 58, 99, 220,221. 
Diest, sands of, 42, 43, 46, 50-56. 
.Diestian fossils in the Crag, 8, 9, 14, 15, 

21, 78. 

Diestian sands, 36, 37, 42-58, 69, 99, 
210, 211, 214, 221, 223, 236-276. 

Dissolution of Coralline Crag fossils, 27, 
28, 36 ; of lied Crag fossils, 77, 80, 
88, 89, 93, 94, 100 ; of Lenham fossils, 
45, 46, 50 ; of Forest-bed fossils, 153, 
154, 162, 168, 17.') ; of Chillesford Clay 
fossils, 1 32 ; of fossils at St. Agnes 
Beacon, 66, 67 ; of fossils at Diest, 61. 

Disturbance of the strata beneath the 
Crag, 3, 6. 

Ditehingham, Crag of. 111; Pebble 
Gravels near, 199, 200. 

Ditrupa subulata, 58. 

Dogger Bank, dredged fossils from the, 
174. 

DoUfus, F. G., on Pliocene deposits of 
Normandy, 67, 68. 

Dolphin from Aldeby, 109 ; in Coralline 
Crag, 30, 40. 

Dorsetshire, Pliocene gravels of, 2, 4, 
206, 208, 222. 

Dowson, E. T., on Crag of Aldeby, 108, 
109 ; on Crag of Dunwich, 103. 

Dredged mammalian bones, 174. 

Drift, relation to the Crag, 75, 191, 194. 

Dukes Bridge, Pit at, HI. 

Dunwich, Norwich Crag of, 103, 104 ; 
Pebble Gravel of, 204. 

Diirnten, supposed Pliocene of, 217. 



E. 

Eastou Bavent, Chillesford Clay of, 133 ; 

Norwich Crag of, 73, 106, 107, 108 ; 

Pebble Gravel of, 73, 201. 
East Runton, Forest-bed of, 158, 159; 

Weyboum Crag of, 139, 140. 
Eaton, Crag near, 120. 
Eccles, boring at, 137 ; Forest-bed of, 

173. 
Echinodermata of the Coralline Crag, 

21,40 ; of St. Erth, 62 ; Table of, 283. 
"Elephant Bed," 146, 157-159, 
Elephant remains at Dewlish, 181, 206- 

208; in the Forest-bed, 152, 159, 160, 

168, 169, 174, 181; in the Norwich 

Crag, 117, 119. 
Elephas antiquus, 11 9, 206, 208. 
Elephas meridionalis, 181, 206, 208, 

212, 216, 218, 219, 222, 223. 
Elevation reached by Pliocene deposits, 

42-50, 52, 64-66, 69, 70, 86, 142, 205- 

207. 
Elm in the Forest-bed, 152, 173, 185. 
EntomoBtraca, 21, 40, 231, 281, 282. 
Eocene boulders in the Forest-bed, 169, 

187, 188. 
Eocene fossil.s in the Nodule Beds, 7- 

14 ; from Lenham, supposed, 44, 46. 
Epplesheim, Pliocene of, 220. 
Erosion, contemporaneous, in the Coral- 
line Crag, 30, 36 ; in the Forest-bed, 

151, 167; in tbe Leda-myalis Bed, 

194 ; in the Red Crag, 96, 102, 105. 
Erosion of rocks underlying Pliocene, 2, 

3, 6, 12, 46, 51, 52, 60, 67, 69-71, 82, 

85, 86, 94, 95, 97, 112, 118, 139-141, 

187, 188, 207, 213. 
Erratics in the Nodule Bed, 10-12. 
Evans, N., on a crab from the Coralline 

Crag, 27. 
Everbergh, Diestian of, 50. 
Extent of the Pliocene deposits, 3, 4. 
Extermination of species during the 

Glacial Epoch, 182, 186, 187. 



False-bedding in Coralline Crag, 24, 25, 
30,36,37; in Red Crag, 73-81, 83, 
87-91, 95-97, 101, 102, 105. 

Faluns, 20, 21, 67, 73. 

Fascicularia aurantium, 20, 39, 58. 

Fauna of the Coralline Crag, 37-41, 145 ; 
of the Forest-bed, 179-187, 189, 190 ; 
.of the Lenham Beds, 52-58 ; of the 
Nodale Beds, 13-15; of the Norwich 
Crag, 115-119 ; of the Red Crag, 71, 
82-85, 145 ; of the St. Erth Beds, 63- 
65 ; of the Weybourn Crag, 143-145. 

Fauna and flora. Tables of the Pliocene, 
225-289. 

Felixstow, Red Crag of, 81, 91, 96. 

Felsite-boulder in the Forest-bed, 154. 

Ferruginous concretions in Red Crag, 76. 

Ferry Cottages, Coralline Crag near, 31. 

FeiTy Farm, Coralline Crag of, 29. 
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Ficula reticulata, 13, 58. 

Fir-cones in the Forest-bed, 159,171- 
173, 181 ; in the Scaldisian, 99. 

Fish in the Coralline Crag, 29, 40, 234, 
235 ; in the Forest-hed, 180,227, 228, 
234, 235 J in the Norwich Crag, 234, 
235 ; in the Nodule Bed, 8-U, 234, 
235 ; in the Weybourn Crag, 234, 235. 

Fisher, Rev. O., on the CliiUesford Beds, 
74-76, 133; on the Forest-bed, 147, 
154; on the gravels at Dewlish, 206, 
207 ; on the Norwich Crag, 101, 106, 
107. 

Fitch, B., collection made by, 166. 

Ftabellum Woodii, in Coralline Crag, 
39, 40. 

Flanders, Diestian of, 50. 

Flints in the Crag, 73, 77, 79, 89, 108, 
112, 118, 139, 140. 

Flora of the Forest-bed, 149, 152, 154, 
159-162, 168, 169, 171-173, 176, 178, 
185, 231, 232 ; of the Pliocene of the 
south of France, 211, 212 ; of the Plio- 
cene of Italy, 219. 

Flordon, Crag near, 118, 119. 

Fluvio-marine Crag, 73,74, 79, 112, 115, 
116, 126, 144, 145, 182, 184. 

Folkestone, Pliocene strata near, 3, 42, 
44, 49, 50, 69, 70. 

Fontannes, F., on Pliocene of the Rhone 
basin, 212, 213. 

Foraminifera, 21, 61, 284-288. 

Forbes, Prof. E., on Crag Echinodermata, 
21, 40, 283. 

Forbes and Hanley, Messrs., on Crag 
moUasca, 26. 

Foreign equivalents of British Pliocene, 
4, 5, 21, 22, 44, 50-58, 67-70, 98, 99, 
209-223. 

Forest-bed, 2, 4, 130-132, 134, 137, 138, 
141, 146-190, 201, 212, 216-219, 222 ; 
absence of Mastodon in the, 117, 181 ; 
land and freshwater moUusca of the, 
183-187, 220; mammalia of the, 180- 
183; origin of the, 158, 161, 176-178 ; 
plants of the, 185, 231, 232 ; tables of 
fossils of the, 225-235, 246-276, 280, 
282 ; unconformity beneath the, 134, 
135, 141, 151, 157, 177-179. 

Forest-bed compared with the recent 
period, 180-186, 190 ; with the Wey- 
bourn Crag, 158, 160, 183, 184 ; with 
the Chillesford Clay, 177-179 ; with 
the Norwich Crag, 117, 178-184; with 
the Pliocene of France, 217, 223 ; with 
the Pliocene of Italy, 218, 219, 220, 
222, 223. 

Forest-bed gravels, composition of, 132, 
169, 170, 187-189. 

" Fossanian," 214, 223. 

Fossils, Tables of, 225-289. 

Foulger, Eev. W., on Pholas-boi'm^s at 
Bramerton, 125. 

Foxhall, Crag near, 16, 92. 

France, Pliocene of, 43, 50, 67-69, 209- 
213, 216-218, 223. 

Frostenden, Chillesford Clay of, 134. 

Fyn Valley, Crag of the, 93. 



G. 

Gaville, Pliocene of, 219. 

Gedgrave, Coralline Crag of, 29-32. 

Geldeston, well at, 110. 

Glacial action in the Forest-bed, 154, 

158, 163, 164, 188, 189 ; in the Nodule 

Bed, 11 ; in the Red Crag, 73, 89; iu 

the Chillesford Crag, 108. 
Glacial cold and its influence on the 

mammalia, 182, 186, 187. 
Glacial deposits, connection with the 

Pliocene, 138, 142, 191, 194-198. 
Glauconite, 29, 36 42, 45, 46, 48, 50, 51, 

133, 137. 
Glutton in the Forest-bed, 169, 182, 198. 
Godwin- Austen, R. A. C, on the Crag of 

England and Belginm, 22, 75, 76 ; on 

the Upper Crag, 1 13, 1 16. 
Gomer Pit, 31,32. 
Gonoplax angtUata, 27. 
Gourbesville, Pliocene of, 68, 69, 223. 
Granite boulders in the Forest-bed, 158 ; 

in the Nodule Bed, 10, 12. 
Gravels of the Forest-bed, composition of 

the, 169, 170, 187-189. 
Gravels of doubtful age, 198-206. 
Green, Eev. C, on the Forest-bed, 147, 

170, 171. 
Green Hill Rocks, 159. 
Greensand chert in the Forest-bed, 170, 

187,188. 
Guildford, gravel near, 48, 49. 
Guillemot from Aldeby, 109, 227. 
Gulf Stream in Pliocene times, 57. 
Gulo luscus, 169, 182, 198. 
Gunn, J., on elephant from the Norwich 

Crag, 119; on the Forest-bed, 147 ; on 

the Mammaliferous Stone Bed, 117 ; 

on Mastodon from the Norwich Crag, 
117, 126. 
Gurnej', Miss A., collection made by, 
160. 



H. 

Hadleigh, Essex, Pebble Gravel of, 205. 
Hadleigh, Suffolk, Red Crag near, 85, 87. 
Haime, J., on Crag corals, 21, 39, 40. 
Haldon Hills, gravel of, 206. 
Halesworth, Crag near, 106. 
Halitherium, 213. 
Hamlington, sections at, 115. 
Hampstead Heath, Pebble Gravel of, 205. 
Happisburgh, Chillesford Clay of, 135, 

137 ; Forest-bed of, 146, 147, 156, 159, 

172-174. 
Harmer, F. W., on Coralline Crag, 24, 

25 ; on Mastodon in Norwich Crag, 

118; on Red Crag, 78-80 ; on Upper 

Crag, 113, 114, 125. 
Hariietsham, Lenham Beds of, 44, 47, 48. 
Harris, W., on Lenham Beds, 42, 48. 
Hartford Bridge, Clay at, 114, 115, 120. 
Harwich, Red Crag of, 7, 71, 80, 85, 
Hasborough, see Happisburgh. 
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Havering, Pebble Gravel of, 205'. 

Hawkinge, sands near, 49. 

Hawkins, J., on sands at St. Agnes 

Beacon, 66. 
Hawthorn in the Forest-bed, 1.52, 161, 

185. 
"Head," 59, 60, 65, 66. 
Hedenham, Pebble Gravel of, 200. 
Helix in the Walton Crag, southern 

species of, 81, 85, 184. 
Hellesdon, section at, 115. 
Henslow, Prof. J. S., on phosphatic 

nodules in the Crag, 6, 7. 
Henstead Hall Farm, Chillesford Clay at, 

134. 
Herapath, T. J., on phosphates, 1. 
Hertford, Pebble Gravel of, 205. 
Hickling, Pebble Gravel near, 199. 
High Beach, Pebble Gravel of, 205. 
High House, Coralline Crag of, 29. 
Hill gravels, age of the, 4, 205. 
Hinde, Dr. G. J., on Caleisponges from 

St. Erth, 289. 
Hippopotamus in the Forest-bed, 152, 

181, 219. 
Hoddesdon, Pebble Gravel of, 205. 
Holland, Pliocene of, 4, 50-58, 99, 209- 

211, 220, 221, 223 ; submergence of, 

69, 70, 221. 
HoUesley, Ked Crag of, 74, 78. 
Honing, Crag of, 137, 198, 199. 
Hopton, Forest-bed of, 174, 176 ; Pebble 

Gravel of, 200. 
Hornbeam in the Foreat-bed, 152, 178, 

185. 
Horstead, Crag of, 116, 129, 130. 
Hoveton, Clay at, 114. 
Hoxne, Norwich Crag of, 112. 
Hyscna, Spotted, in the Forest-bed, 181 ; 

Striped, in the Nodule Bed, 8. 
Hydractinia, 40, 289. 
Hydrobia marginata, 162, 186 ; H. run- 

toniana, 156, 183 ; H. Steinii, 156, 186. 
Hydrozoa of the Crag, 40, 289. 
Hypnum lurgescens, 195. 
Hyracotherium in the Nodule Bed, 8, 12, 

14. 



Ice action in Pliocene times, 11, 73, 89, 
108, 154, 158, 163, 164, 188, 189. 

Iken, Chillesford Clay of, 133 ; Coralline 
Crag of, 27, 28. 

Ingate Clay Pit, 136. 

Ipswich, Red Crag near, 75, 85, 89, 90, 
92. 

Ireland, supposed Pliocene of, 208. 

Iron-concretions in Bed Crag, 76. 

"Iron-pan," 112. 

Islands in the Pliocene sea, 24, 65-67, 
76, 77, 94, 95, 103. 

Isler & Co., Messrs., well-sections com- 
municated by, 110, 111. 

Issoire, Pliocene of, 217, 218, 223. 

Italy, Pliocene of, 4, 5, 57, 209-211, 
213-216, 218-220, 223. 



Jeffreys, Dr. J. G., on Crag moUusca, 
24, 26, 37, 38, 77, 79, 236-276 ; on 
mollusca from St. Erth, 61. 

Jet in the Forest-bed, 158, 187. 

Johnston, Prof., on phosphates, 7. 

Jones, Prof. T. K., on Crag entomos- 
traca, 21, 40, 231, 281, 282 j on Crag 
foraminifera, 21, 284-288 ; on the Len- 
ham Beds, 42. 

Jurassic fossils in the Crag, 10-12, 188. 

K. 

Kendall, P. F., on the Coralline Crag, 

26, 27 ; on the St. Erth Beds, 62-64, 

289. 
Kent, Pliocene beds of, 9, 42-50, 52-58, 

69, 70, 236-276. 
Kessingland, Chillesford Clay of, 134, 

135 J Forest-bed of, 177-179 ; Pebble 

Gravel of, 201. 
King, Prof. W., on « Leda-myalis 

Clay," 191. 
King, Rev. S. W., on Forest-bed plants, 

172. 
Kirby Bedon, Crag of, 117. 
Kirby Hill, Forest-bed of, 160; Leda- 
myalis Bed under, 193. 
Koenen, Prof. A. von, on the correlation 

of Pliocene deposits, 22 ; on the Len- 

ham ironstones, 44. 



Laminarian zone, fauna of the, 65. 
" Laminated Beds," 147. 
Lamna in the Nodule Beds, 11-14. 
Land-sheUs in the Coralline Crag, 41 ; 

in the Red Crag, 81, 85, 97, 184. 
Land-surfaces in the Forest-bed, 146- 

156, 163, 164, 167, 171, 172, 175-179 ; 

in the Norwich Crag, supposed, 118. 
Langdon Hill, Pebble Gravel of, 205. 
Langham, Red Crag of, 85. 
Lankester. Prof. E. B., on Coralline and 

Red Crags, 21-23, 76 ; on the Nodule 

Bed, 8-10, 13, 14, 21, 22. 
Lapparent, Prof. A. de, on the Pliocene 

Period in the Mediterranean region, 

211,212. 
Latitude, influence of, on the Pliocene 

fauna, 5, 213, 215, 218. 
Layton, Rev. J., on bones from Happis- 

burgh, 174. 
Leach, R. B., on the Norwich Crag, 

106-108 ; on plants from the Forest- 
bed, 178. 
League Hole, Forest-bed of, 174. 
Leathes, Rev. G. R., on Crag mollusca, 

33. 
Leda myalis, 194, 267 ; Z. oblongoides, 

194, 267. 
Leda-myalis Bed, 2, 148, 154, 155, 191- 

196, 222. 
Lee Farm, Lenham Beds near, 46. 
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Lenham Beds, 2, 3, 9, 13, 42-58, 69, 70, 
210, 211, 222, 237-277, 282. 

LeptocUnum tenue from St. Erth, 62, 

Letheringsett, pit at, 142. 

Liassic fossils in the Nodule Bed, 10, 12. 

Lighthouse Gap, Pakefield, Chillesford 
Clay of, 135. 

Lignite of the Val d'Arno, 219. 

Liguria, Pliocene of, 214, 223. 

Limax modiolifarmis, 156, 183. 

Limestone, contemporaneous formation 
of, 29, 36. 

Limits of the Pliocene sea, 3, 4, 41, 52, 
65-68, 70, 75, 98, 112, 142, 143, 211. 

Limpenhoe, Chillesford Clay of, 136. 

Literature relating to the Nodule Beds, 
6-9 ; Coralline Crag, 19-27 j Lenham 
Beds, 42-44 ; St. Erth Beds, 61-64 ; 
St. Agnes Beacon, 66, 67 ; Bed Crag, 
71-82 J Norwich Crag, 113, 114; 
Cromer Forest-hed, 146-148. 

Lithoglyphus fuseus, 184, 186, 220. 

Little Oalsley, Red Crag of, 85. 

Littorina littorea distorted by fresh 
water, 115. 

Local conditions, influence on the fauna 
and flora, 2, 41, 52, 63, 64-66, 144, 
185-187. 

Loch Neagh, Pliocene of, 208. 

Loire Valley, Pliocene of the, 211. 
'LoIlards""Pit, 121, 199. 

London Clay, fossils derived from the, 
7-14. 

Lorie, Dr. J., on Pliocene of Holland, 
52-58, 99, 209, 210, 230, 221. 

Louvain, Diestian of, 50. 

"Lower Crag," 78. 

Lower Freshwater Bed, 2, 149, 151-154, 
157, 159, 160, 163, 164, 166-169, 173. 

« Lower Glacial," 114, 202." 

Lower Greensand chert in the Pliocene 
Beds, 12, 159, 187,, 188. 

Lower Sherringham, Arctic Freshwater 
Bed of, 195, 196 i Forest-bed of, 153, 
154 ; Leda-myalis Bed of, 192-194 ; 
Weybourn Crag of, 140. 

Low Fann, Coralline Crag of, 29. 

Ludham, Clay at, 115. 

Lyell, Sir C, on classification of the 
Tertiary strata, 1, 2, 72 ; on Coralline 
Crag, ab, 27, 35, 95 ; on the Forest- 
bed, 147, 148, 182 ; on Lenham iron- 
stones, 43 ; on Norwich Crag, 79, 106, 
113, 115, 120; on Red Crag, 72, 73, 
79, 89. 

M. 

Macharodus, 181. 

Major, Dr. C. J. F., on mammalia of the 
Val d'Arno, 219. 

Mammalia of the Nodule Bed, 6-12, 14, 
15, 21, 225-227, 233, 234; of the 
Coralline Crag, 28, 225, 233, 234 ; of 
the Red Crag, 78, 225, 233, 234 ; of 
the Norwich Crag, 108, 117-119, 124, 
126, 225-227, 234 ; of the Forest-bed, 
146, 149, 152, 156-160, 167-169, 180- 



184, 186, 187, 225-227, 233, 234 ; of 
the Plaisancian, 213 ; of the Scal- 
disian, 99; of the Val d'Arno, 219, 
220. 

Mammalia, distribution of the, 182, 183 ; 
Tables of the, 225-227, 233, 234. 

" Mammaliferous Crag," 72, 113, 117. 

" Mammaliferous Stone-bed," 112, 117. 

Manningtree, Bed Crag near, 85. 

Mausel-Pleydell, J. C, on gravels at 
Dewlish, 206-208. 

Maple in the Forest-bed, 152, 178, 185. 

Marlow, Pebble Gravel near, 205. 

Marlow Farm, Lenham Beds near, 46. 

" Marnes h. Nassa," 67, 68. 

Martlesham, Bed Crag near, 93. 

Mastodon in the Nodule Bed, 8, 11, 15 ; 
in the Norwich Crag, 108, 117-119, 
129, 130, 181. 

Maw, G., on Crag at Wangford, 106. 

Mayer, C, on Pliocene of Liguria, 214. 

Mediterranean, Recent deposits of the, 
36,41,215,216. 

Mediterranean moUusoa in British 
Pliocene strata, 24, 26, 38, 39, 61, 64, 
75, 82, 96, 144, 145. 

Mediterranean region, Pliocene of the, 
4, 5, 57, 211-216, 218-220, 223. 

Melampus pyramidalis, 65, 99, 158. 

Mellanear Lane, pit near, 60. 

Menin, Terehratula grandis near, 50. 

Merstham, gravel at, 48, 49. 

"Messenian," 211, 212, 314, 223. 

Microscopic character of the Box Stones, 
12, 13 ; of the Coralline Crag, 36 ; of 
the Lenham Beds and Diestian, 42 ; 
of the Chillesford Clay, 132, 133. 

« Middle Crag," 78. 

" Middle Crag " of Antwerp, 8, 21, 22. 

Migration in Pliocene times; 152. 

Millett, F.' W., on Foraminifera from 
St. Erth, 61. 

Milne-Edwards, H., on Crag Corals, 21, 
39, 40, 

Minsmere Level, Pebble Gravel near, 
204. 

Miocene of Belgium, 51, 52, 57, 213, 
223 ; of France, 67, 68, 73, 211, 212, 
217,223; of Italy, 211-214,223; of 
England, supposed, 2, 61 ; Period, 
climate of the, 2. 

Miocene shells in Diestian strata, 57 ; 
in the Nodule Bed, 8, 13-15. 

" Mio-Pliocene," 51, 57, 212, 223. 

Mistley, Bed Crag of, 85. 

Mollusca of the Box Stones, 8-10, 12, 
13 ; of the Coralline Crag, 21, 22, 24, 
25, 30-32, 37-39, 145, 228, 229, 236- 
276 ; of the Diestian, 52-58, 236-276 ; 
of St. Erth, 61-66, 236-276 ; of the 
Walton Crag, 84, 145, 228-230, 236- 
276 ; of the Red Crag, 71, 145, 184, 
228-230, 236-276; of the Norwich 
Crag, 103, 107, 111, 113-116, 144, 
145, 184, 228-230, 236-276; of the 
Chillesford Crag, 144, 145, 228-230, 
236-276; of the Chillesford Clay 
133; of the Weybourn Crag, 137, 
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138, 140, 142-145, 180, 183, 184, 186, 
187, 228-230, 236-276 ; of the Forest- 
bed, 156-1&8, 164, 180, 183-187, 
189,228-230,236-276; of the Zeda- 
myalis Bed, 192-194; of the Arctic 
Freshwater Bed, 195, 196 ; of the 
Belgian Pliocene, 52-58, 99, 236-276 ; 
of the French Pliocene, 63, 212, 213, 
23')-276 ; of the Italian Pliocene, 214, 
215, 220. 

Mollusca, proportion of living and 
extinct in Pliocene strata, 1, 2, 21, 
22, 37, 38, 57, 61, 62, 64, 68, 84, 
143-145, 183, 184, 214, 215; tables 
of land and freshwater, 228-230; 
tables of marine, 236-276. 

Monks' Eleigh, KedCrag of, 87. 

MontpeUier, Pliocene of, 213, 218. 

Moston Farm, Bed Crag near, 90. 

Mouflon in the Forest-bed, 181. 

Mudshole, sands near, 49. 

Mnndesley, boring at, 137, 138 ; Forest- 
bed of, 147, 166-169; Arctic Fresh- 
water Bed of, 194-197. 

" l^undesley and Westleton Beds," 201. 

Musk ox in the Forest-bed, 182, 198. 

Mya iruncata in the Forest-bed, 162. 

Myogale moschata in the Forest-bed, 171. 

N. 

Nar Valley Beds, 194. 

JVassa conglobata in Box Stones, 13. 

Nathorst, Prol^ A. G., on Arctic Fresh- 
water Bed, 194-196. 

Nay land. Red Crag near, 85. 

Needham, Well at. 111. 

Nematura runtoniana, 156, 183. 

Necomian boulders in Pliocene deposits, 
12, 169, 170, 187, 188. 

Neutral Farm, Pit at, 97. 

Newboum, Red Crag near, 92, 93. 

Newer Pliocene, old use of the term, 1 . 

Newton, E. T., on Pliocene vertebrata, 
118, 148, 169, 180-182, 208, 225-228, 
233-235. 

Newton Flotman, Crag at, 119. 

Nodule Beds, 2, 6-18, 74, 76-78, 90-92, 
96, 182, 216, 218, 222, 225-228, 233- 
235, 240, 243, 254, 259, 261, 266, 267, 
271, 272. 

" Norfolk Crag," use of the term, 113. 

Normandy, Pliocene of, 67-69, 211, 223, 
236-278, 280. 

North Downs, Pliocene of the, 3, 42-58, 
69, 70, 222, 237-277. 

Norton, H., on tree-stumps in the Forest- 
bed, 147, 148. 

Norwich, Crag near, 112, 119-127 ; 
Chillesford Clay of, 136 ; Pebble 
Gravel of, 199. 

Norwich Crag, 2, 4, 22, 72-79, 82, 100- 
130, 147, 182, 184, 212, 216-218, 
222, 225-231, 234-276, 280-288; 
relation to the Forest-bed, 178-180, 
191 ; to the Red Cras;, 72, 74-79, 82, 
98. 

Nvcula Cobboldiar, 57, 85, 221. 



0. 

Ogilvie, C. P., on the Coraljine Crag, 26. 
Old Hithe, Leda-myalis Bed near, 192. 
Oligocene Period, climate of the, 6. 
Oligocene strata disturbed before the 

Pliocene Period, 3, 6. 
Oolite boulder in the Foreat-bed, 188. 
Orford, Coralline Crag of, 3, 19, 25, 29 ; 

Norwich Crag near, 74. 
Ostend, Forest-bed near, 171, 172 ; 

Arctic Freshwater Bed of, 195, 197. 
Ostracoda, Tables of, 231, 231, 282. 
Otodus in the Nodule Bed, 12. 
Overlap in Crag, 23, 82, 103, 127. 
Overstrand, Weybourn Crag of, 139 ; 

Forest-bed of, 150, 159-161 ; Leda- 
myalis Bed of, 193. 
Ovibos moschatus in the Forest-bed, 

182, 198. 
Owen, Sir R., on Crag mammalia, 6, 7 ; 

on Forest-bed mammalia, 147. 
Ox House, Coralline Crag of, 29. 
Oxidation of glauconite, 42. 
Oyster Inn, pit near the, 97. 
Oysters in the Leda-myalis Bed, 192, 194. 



Paddlesworth, sands near, 3, 49, 50. 

Pakefield, Crag of, 108; ChiUesford 
Clay of, 134, 135 ; Forest-bed of, 177, 
178; Pebble Gravels of, 201. 

Palling, so-called Forest-bed of, 173. 

Palm-wood in the Nodule Bed, 10. 

Paludina gibba, 156. 

"Pan," 112, 157-159,200. 

Pardines, Pliocene of, 217, 218, 223. 

Park Farm> Red Crag of, 89. 

Parker, Prof. W. K., on Crag Foramini- 
fera, 21, 284-288. 

Parkinson, J., on Crag fossils, 72, 113. 

Peat in the Forest-bed, 149, 151-157, 
160, 166-169. 

Pebbly Gravels, 103, 104, 106, 109-113, 
115, 136, 174, 175, 177, 198-206. 

" Pebbly sands and Pebble beds," 127. 

" Pebbly Series," 200. 

Penning, W. H., on Red Crag, 86. 

Percentage test in geological classifica- 
tion, 1, 2, 21, 22, 37, 53, 57, 68, 143. 

Perrier, Pliocene of, 212^217, 218, 223.- 

Pettistree Hall, Coralline Crag near, 33. 

Phillips, J., on Norfolk Crag, 113. 

Phillips, W., on the age of the Crag, 72. 

Pholas-honngB in Chalk beneath Crag, 
118, 123, 125, 140; in the Coralline 
Crag, 73 ; in the Forest-bed, 149, 160, 
167, 168. 

Phorus at Lenham, 58. 

Phosphate, amount available, 12, 16-18. 

Phosphate beds, 2, 6-18, 74, 76, 77. 

Phosphate of iron in the Forest-bed, 
172. 

Phosphatic nodules, origin of, 6-9 ; in 
the Coralhne Crag, 29, 36. 

Physical Geography, Pliocene, 187-J90. 
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" Piacentino," 214, 223. 

Pickering, Eev. K., on Crag, 72. 

Piedmont, Pliocene of, 213, 214, 223. 

Pine roots in the Forest-bed, 156, 175. 

Pine-raft in the Forest-bed, 172. 

Pipes in the Chalk at Lenham, 45-48 ; 
beneath the Forest-bed, 153. 

Piret, M., on Terebratula grandis at 
Wevelgham, 50. 

Pisces, Tables of, 227, 228, 234, 235. 

" Plaisanoian," 212-214, 223. 

Plants of the Forest-bed, 149, 152, 154, 
159-162, 168, 169, 171-173, 176, 178, 
185, 231. 232 j of the Pliocene of the 
Val d'Arno, 219. 

Platax Woodwardi, 158, 180. 

Plateau gravels, age of the, 4. 

Pleistocene deposits, 1,2, 180, 194-198, 
215, 222, 223 ; mammalia of the, 182. 

Pleurotoma consobrina, 57 ; P. Jouan- 
neti, 57. 

Pliocene, origin of the term, 1. 

Pliocene sea, limits of the, 3, 4, 41, 52, 
6.5-68, 70, 75, 98, 112, 142, 143, 189, 
190,211. 

Polyzoa in the Coralline Crag, 19-21, 
36, 37, 39,41, 277-280 ; ftomienham, 
58, 277 ; from St. Erth, 62, 279, 280 ; 
in the Sub-Apennine strata, 216. 

Ponzi and Meli, Messrs., on Pliocene of 
Monte Mario, 215. 

Pope, Mr., on gravels at Dewlish, 207. 

Porphyry in the Coralline Crag, boulder 
of, 1 1. 

Portugal, recent deposits off the coast of, 
41. 

Postwick, Crag of, 114, 115, 118, 123. 

Potier, M., on Pliocene of Auvergnc, 
217. 

Potter's Bridge, Norwich Crag near, 106, 

Prestwich, Prof. J., on the Nodule Beds, 
9-11, 18, 76, 77; on the Coralline 
Crag, 9-11, 18, 23-25, 27-31, 33-36, 
40, 73 ; on the Lenham Beds, 42, 43, 
47-49 ; on the Bed Crag, 24, 73, 76, 
77, 83, 88, 89, 91, 94-98, 100, 101 ; on 
the Norwich Crag, 73, 77, 100-103, 
105-107,114,138,142; on the Chilles- 
ford Clay, 73, 77, 91, 100, 101, 114, 
121, 128, 132-134, 138, 141, 142 ; on 
the Forest-bed, 147, 148, 170, 188, 
189 ; ou the Westleton Beds, 114, 141, 
142, 148, 199, 201, 203-205 ; on 
Tellina balthica, 144, 145 ; on clima- 
tic changes during the Pliocene 
period, 189. 

Provence, Pliocene of, 211. 

Pyrula reticulata, 13, 58. 



Q. 

Quartz crystals in Box Stones, 12; 

boulders of, in the Forest-bed, 154. 
Quartzite boulders in the Crag, 10, 200 ; 

in the Forest-bed, 1.32, 153, 154, 156, 

177, 187-189 ; in the Pebble Gravels, 

200, 205. 



e: 

Rackheath, Crag near, 127. 

Ramsholt, Coralline Crag of, 3, 19, 25, 
33 ; Bed Crag of, 94-96. 

Bed Crag, 2, 4, 21, 22, 24, 71-102, 105, 
208, 211, 212, 222; origin of the 
name, 19 ; tables of fossils of the, 225r 
230, 233-288 ; marine moUusoa of the, 
84, 85, 96, 145 ; land and freshwater 
mollusca of the, 85, 97, 184; Nodule 
Bed and derivative fossils of the, 6- 
15, 75, 77, 78 : compared with the 
Coralline Crag, 76, 79, 83, 84; with 
the St. Erth Beds, 62 ; with the Scal- 
disian, 98, 99 ; with the Pliocene of 
Normandy, 68, 69. 

Bed House, Coralline Crag near, 27. 

Eeedham, Chillesford Clay of, 136; 
Pebble Gravel of, 199, 200. 

Beefs in the Pliocene seas, 24, 52, 65, 
76, 77, 94, 95, 97. 

Eeeve, J., on Norwich Crag, 125, 126. 

Eeptilia, Table of, 227. 

Beydon Mar8hes,Pebble Gravel near, 203. 

Rhine in Pliocene times, 189, 190. 

Ehinoeeros in Nodule Bed, 8, 11 ; in 
Forest-bed, 181 ; in Scaldisian, 99 ; in 
the Val d'Arno, 219. 

Bhone Valley, Pliocene of the, 211, 212. 

Bichmond Farm, Coralline Crag of, 29. 

Kickmansworth, Pebble Gravel of, 205. 

Bipple-marks in the Red Crag, 76. 

Bistori, Dr. G., on Pliocene of the Val 
d'Arno, 219. 

Eiver of the Forest-bed, 187-189. 

Biver-ice in Forest-bed period, 188, 189. 

Bivers affecting the character of the 
Norwich Crag fauna, 115, 116. 

Riviera, Pliocene contours of the, 210. 

Robberds, .T. W., on Crag at Surlingham, 
125. 

Bock-bed of the Coralline Crag, 19, 23, 
25, 28, 29, 34. 

Rome, Pliocene near, 215. 

Book Hill, pit at, 142. 

"Rootlet-bed," 135, 141, 148, 149, 155, 
17.5-179. 

Boots in the Forest-bed, 146-151, 153- 
156, 172, 175. 

Bose, C. B., on Crag at Aldeby, 108. 

Roydon, Coralline Crag of, 29. 

Runton, Wevbourn Crag of. 139, 140 ; 
Forest-bed of, 155-159, 161. 



S. 

" Sables a Corbules," 99. 

" Sables S, Corbulomya complanaia et k 

Ophicardelus pyramidalis," 99, 
" Sables b. Isocardia Cor," 223. 
" Sables h Trophon antiquus," 223. 
Sacco, Prof. F., on the Pliocene of 

Piedmont, 213, 214. 
St. Agnes Beacon, 3, 66, 67. 
St. Erth Beds, 2, 3, 37,- 59-70, 222, 238- 

274, 279, 280, 283-289. 
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Saint-Prest, gravels of, 212, 216, 217, 

223. 
Salicornaria in Coralline Crag, water- 
worn, 36. 
Salixpolaris, 2, 166, 167, 171, 195-198, 

222. 
Sandberger, Prof. C. L. P., on land and 

freshwater moUusca of the Forest-bed, 

186, 230. 
Sauford, W. A., on elephant from Dew- 

lish, 206. 
Savin, A. C, on ver^ebrata from the 

Forest-bed, 157, 159, 160. 
Saxlingham Nethergate, Crag at, 119. 
Saxmundham, "Eed Crag of, 105. 
Sealdisian sands, 4, 68, 75, 98, 99, 211, 

220, 221, 223, 236-276. 
Scilly Islands compared with Pliocene 

Cornwall, 65, 67. 
Scotland, Crag shells in, 208. 
Scott, G., on Eed Crag, 79. 
Scrobicularia bed at Bramerton, 117, 

126. 
Scrobicularia Crag, 2, 75, 78, 82, 100, 

101, 222. 
Seal at West Kunton, 156. • 
Secondary fossils in the Nodule Bed, 

8, 10-12. 
Seguenza, Prof., on Pliocene of Sicily, 

214, 215. 
Sharks in the Cra^, 8, 10, 11, 13, 14; 

Pliocene and Mediterranean compared, 

215. 
Shei-ringham, Weybourn Crag of, 140 j 

Forest-bed of, 153, 154 ; Ledormyalis 

Bed of, 192-194, 196 ; Arctic Fresh- 
water Bed of, 195, 196. 
Shoals in. the Pliocene seas, 24, 52, 65, 

76—78 94 95 97 
Shooter's HUl, Pebble Gravel of, 205. 
Shore-line of the Pliocene sea, 3, 4, 41, 

52, 65-68, 70, 75, 98, 112, 142, 211. 
Shottisham Creek, Coralline Crag of, 

33. 
Shrews in the Forest-bed, 152, 181. 
"Sicilian,"214, 215, 223. 
Sicily, Pliocene of, 213-215, 223. 
Sidestrand, Weybourn Crag of, 139 ; 

Forest-bed of, 161, 162, 164, 167. 
Silicified wood in the Nodule Bed, 10 j 

in the Forest bed, 158. 
Sirenia in Pliocene of Montpellier, 213. 
Sizewell, CoraUiue Crag of; 26, 27; 

Norwich Crag of, 102, 103. 
Skelding Hill, Leda^myalis Bed under, 

192. 
Smith, W., on Crag, 72, 113 ; on Masto- 
don at Whitlingham, 124. 
Snags in the Forest-bed, 151, 158. 
Soil in the Forest-bed, 146-151, 158- 

156, 161, 163, 164, 167, 171, 172, 

175-179. 
Sothern, S. C, on Crag at Rackheath, 

127. 
South Cove, Chillesford Clay of, 134. 
South Walsham, Chillesford Clay of, 

114, 136. 



Southwold, Crag of, 73, 104-106; 

Chillesford Clay of, 133 ; Pebble 

Gravels of, 201-203. 
Sowerby, J., on Crag fossils, 33, 72, 

113. 
Sowerby, G. B., on shells from St. Erth, 

61. 
Sperm whale in the Forest-bed, 164. 
Spermophilus in the Arctic Freshwater 

Bed, 196, 197. 
Sphenotrochus intermedius, 39, 40, 
Spixworth, Crag of, 127. 
Sponges, Pliocene, 62, 289. 
Spruce fir in the Foresf>-bed, 135. 
SquiiTcl, fir-cones gnawed by, 173, 181. 
Stages in the Eed Crag, 73-76. 
Stanny Point, Coralline Crag of, 27. 
Statistical method in the comparison of 

faunas, 1, 2, 21,22,37, 53, 57, 68, 143. 
Statistics of phosphate raised in Suffolk, 

16, 17. 
Stoke, Red Crag of, 85, 86. 
Stoke Holy Cross, Crag of, 119. 
StoUery, Mr., on Crag of Waldringfield, 

35, 93. 
Stone Bed, 112, 115, 117-119, 122, 

130 ; origin of the, 7, 8, 139, 140. 
Stour, Eed Crag near the, 75, 89. 
Straits of Dover, age of the, 68, 210. 
Sub-Apennine strata, 209-211, 213-216, 

218-220, 223. 
Submarine erosion, 140. 
" Submerged forests " compared with the 

Cromer Forest-bed, 149. 
Submergence, Pliocene, 36-39, 41, 52, 

53,58, 64-70, 131,221. 
Subsidence daring the deposition of tho 

Coralline Crag, 23, 24. 
Sudboum, Coralline Crag f, 19, 28, 29 ; 

Red Crag of, 75, 97, 98. 
Sudbury, Red Crag of, 79, 80, 82, 85, 86. 
Surlingham, Mastodon at, 117, 124, 126 ; 

Chillesford Clay of, 114, 136. 
Sus in the Nodule Bed, 8, 226. 
Sutton, Coralline Crag of, 3, 9-11, 18, 

20, 23, 25, 29, 33-36, 73 ; Red Crag 

of, 73, 75, 76, 82, 94, 95, 105. 
Swanscomb, Pebble Gravel of, 205. 
Switzerland, Pliocene of, 21], 217. 



T. 

Tables of fossils, 225-289. 

Tapir in the Nodule Bed, 8 ; in Au- 

vergne, 218 ; in the Val d'Arno, 219. 
Tattlngstone, Coralline Crag of, 3, 19, 

20, 25, 35, 36 ; Red Crag of, 88, 89. 
Taylor, Dr. J. E., on Norwich Crag, 78, 

79, 114,117, 119. 
Taylor, R. C, on the Crag of Norfolk, 

113, 125 ; on the Forest-bed, 146, 

147. 
Teall, J. J. H., on the composition of 

the Box Stones, 12. 
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Tellina balthica, 104, 114, 117, 123, 
125, 127-129, 134, 137, 138, 143-145, 
156, 162, 199, 215. 
Tellina lata, 85. 

Tellina ohliqua, 85, 122, 158, 180. 
Tellina pratenuis, 85, 123, 127. 
Temnechinus excavatus, 40. 
Temperature of the Pliocene sea, 38- 
41, 58, 68, 71, 144, 145, 189, 190, 194, 
211-215,221. 
Terebra acuminata, 57. 
Terebratula grandis, 28, 31, 42, 46, 50, 

67, 68. 
Tertiary strata, classification of the, 1-3. 
Tese Valley, Crag of the, 118, 119. 
Tharston Furze Hill, Crag at, 118, 119. 
Thaxted, Bed Crag of, 79, 85, 86. 
Thicliiness of the Pliocene strata, 52, 
57, 58, 69, 98, 99, 109, 209, 214, 219, 
220, 221. 
Thorpe, near Aldborough, Coralline 
Crag of, 26 ; Norwich Crag of, 74, 76, 
101, 102. 
Thorpe, Norwich, Crag of, 114-117, 121- 

123 ; Pebble Gravel of, 199. 
Thracia pajn/racea, 129. 
Thynnus scaldiensis, 40. 
Thynnus thynnus, 180. 
Topley, W., on sands near Folkestone, 

49. 
Torell, Prof. O., on oysters in the Leda- 

myalis Bed, 194. 
"Tortonian," 214,223. 
Touraine, Faluns of, 73. 
Trapa nutans, 161, 168, 169, 171, 178, 

185,231. 
Trees of the Cromer Forest-bed, 160, 

161, 178, 185. 
Tree-stumps in the Forest-bed, 146-151, 

158-160, 164. 
Trelissick, Pliocene near, 60. 
Trenhayle, Pliocene near, 60. 
Trial-borings made by the Geological 
Survey, 134, 135, 137, 151, 162, 165, 
174-177. 
■ Trichechus Huxleyi, 15, 109, 180. 
Trimingham, Weybom'n Crag of, 137- 
139, 163; Forest-bed of, 150, 151, 
162-165; Stone-bed now forming at, 
118. 
Trimley, Coralline Crag at, 24, 35 ; Box 

Stones near, 12 ; Red Crag near, 90. 
Trimmer, J., on the Forest-bed, &c., 

147, 193. 
Triton heptagonum, 54, 58. 
Trogontherium in the Forest-bed, 157, 

160, 166, 169, 181. 
Trophon alveolatus incrusted with 

Hydractinia, 40. 
Trophon antiguus, var. confraria, 71, 

72, 84, 158, 223. 
Trophon despectus, 99. 
Tufa in the Coralline Crag, 28, 36. ' 
Tunicates at St. Erth, 289. 
Tunny in the Coralline Crag, 40 ; in the 

Forest-bed, 180. 
Tuscany, Pliocene of, 214-216, 218-220, 
223. 



U. 

Unconformity at the base of the Pliocene, 
2, 3, 6, 50 ; beneath the Red Crag, 71, 
73, 74, 85, 94, 97 ; beneath the Forest- 
bed, 151. 

Uphill, sands near, 49. 

Upper Coldham, sands near, 49. 

"Upper Crag," 78, 112, 113. 

Upper Freshwater Bed, 149, 152-157, 
161-166, 170-172, 185. 

" Upper Marine Formation," 147. 

Utrecht, Pliocene of, 52-57, 69, 70, 209, 
210, 221, 223. 

Utznaoh, supposed Pliocene of, 217. 



V. 

Val d'Arno, Pliocene of the, 183, 210, 

214, 218-220, 223. 
Valvatafluviatilis, 156, 186. 
Van den Broeck, E., on Pliocene of 

Belgium, 46, 50, 51, 9^, 209. 
Van Brtbom, O., on Pliocene of Belgium, 

44, 51,209. 
Variation in Pliocene moUusca, 37, 38, 

183. 
Vasseur, M., on Pliocene of Normandy, 

68. 
Vertebrata, Tables of, 225-228, 233-235. 
Vienna Basin, Miocene beds of the, 21. 
Viguier, Dr. M., on Pliocene of Mont- 

pellier, 213. 
" Villafranoian," 214, 223. 
Vincent, G., on Scaldisian of Antwerp, 99. 
Vivianite in the Forest-bed, 172. 
Voelcker, Dr. A., on Suffolk phosphates, 

17,18. 
Voles in the Forest-bed, 152, 226, 227. 
Voluta auria-leporii in Box Stones, 13. 
Valuta Lamberti, 13, HI, 208. 



w. 

Walcot, Forest.bed of, 146, 171. 
Waldringfield, Coralline Crag near, 35 ; 

Red Crag of, 93, 94. 
Walrus at Aldeby, 109 ; in the Nodule 

Bed, 15 ; in the Forest-bed, 180. 
Walton Crag, 2, 71, 74, 75, 78-85, 99, 

211, 212, 222, 228, 231, 236-288; 

marine moUusca of the, 145 ; land 

shells of the, 85, 184. 
Walton Naze, Clay at, 83, 131, 132, 179. 
Wangford, Norwich Crag of, 106 ; 

Pebble Gravels near, 203, 204. 
Warren Street, Lenham Beds near, 48. 
Water chestnut, 161, 168, 169, 171, 178, 

185. 
Waveney Valley, Crag of the, 82, 108- 

112 ; Chillesford Clay of the, 136 ; 

Pebble Gravels of the, 199, 200. 
Wealden axis, date of elevation of the, 

3, 69, 70, 221. 
Weusum Valley, Crag of, 116, 120. 
Westleton, Pebble Gravels of, 201, 204. 
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" Westleton Beds," 112, 199, 201, 202, 
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2. Nassa retnsa, J. Sow. 
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Extinct Marine Mollusca of the Crag. 
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9. Panopsea Faujasii, Men. de la Qvoye. 
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13. Oytherea radis, Poli. 



PuocENE Deposits of Britain, 



Plate HI. 




8 # 




/O f 





3 I- 



3 f 



6 t 




Southern Marine Mollusca of the Crag. 
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Arctic Marine Mollusca of the Crag. 
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1. Helix rysa, 8. Wood. 

2. Helix suttonensis, S. Wood. 
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Land and Freshwater Mollusca. 
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